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Phe complete nuclear instrumentation 


and control circuitry for Pluto 


was supplied and commissioned by 


EKCO electronics 


Ekco have been supplying instruments for 


ELECTRONICS 


reactors, both at home and overseas, since 
1947—current projects include the complete 
nuclear instrumentation of the Australian HIFAR 
reactor and the DMTR now being 


commissioned at Dounreay. 
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The Windseale Report 


OLLOWING the accident to Windscale No. | pile on 
October 10, the U.K.A.E.A. set up a committee of 
inquiry to investigate the cause, the measures taken to 
deal with the situation and its consequences. This 
committee was essentially an expert technical committee 
comprised of members with considerable experience in 
the atomic energy field and it was given full powers to 
sift the evidence available in order to prepare its report. 
In a modified form this report was submitted to 
Parliament on Friday, November 8, in the form of a 
White Paper (Cmnd. 302) accompanied by a statement 
by the Prime Minister. Some alteration of the original 
wording was necessary, first to make it understandable 
to people without a technical background, and secondly 
to avoid disclosing details of the Windscale piles which 
are still military secrets. The modified version, although 
withholding certain details such as maximum tempera- 
ture which would have been interesting from an 
academic point of view, is sufficiently explicit for a full 
picture of the situation to be obtained; the cause analysis 
is clearly given and nothing of fundamental importance 
has been withheld. The White Paper carries verbatim 
the report of the Medical Research Council prepared at 
the request of the Prime Minister. This report endorses 
the findings of the Penney committee and approves the 
action taken to deal with the emergency and concludes 
with the reassuring statement that it is in the highest 
degree unlikely that any harm has been done to the 
health of anybody in the course of this incident. 

In his statement to Parliament, the Prime Minister 
summarized the cause as being due partly to inade- 
quacies in the instrumentation provided at Windscale 
and partly to faults of judgment by the operating staff, 
these faults being attributable to weaknesses of 
organization. (A detailed summary appears on pages 
510-512.) 

The Atomic Energy Authority accepted without 
reservations the findings of the report including the 
suggestion that an independent body be asked to 
investigate the organizational procedures at the 
Authority’s plants and also to investigate the operational 
procedures for Wigner release. The Prime Minister has 
therefore asked Sir Alexander Fleck, chairman of I.C.L., 
to undertake this task and three committees under his 
chairmanship have been set up. The first of these will 
be a technical evaluation committee, the second an 
organization committee and the third a health and safety 


committee. Until these committees have completed their 
findings, No. 2 pile at Windscale will remain shut down. 

One of the problems facing the health authorities at 
Windscale during the accident was the absence of clear- 
cut tolerance values for short-term events. The Medical 
Research Council was consulted immediately and com- 
promise figures arrived at with commendable rapidity 
but it would clearly have been more straightforward if 
these figures had already been in existence. The M.R.C. 
has been asked to remedy this defect. Such short-term 
exposure figures will also be of value to normal labora- 
tory workers who are periodically faced with a situation 
where a short-term exposure can save either valuable 
time or minimize an expanding incident. So far there 
has been little guidance on this point and whilst under- 
standably the authorities are wary of being too specific 
for fear of abuse, firm rulings could save responsible 
bodies much indecision. 

With regard to the accident itself, it is, of course, 
easy to be wise after the event. Windscale was built at 
a time when our experience in this country was very 
limited and the Industrial Group displayed great courage 
in going ahead with the programme as it did. As a 
result of this courage we have now an adequate stock 
of nuclear weapons and this country is able to assert its 
position in the world as a nuclear weapons power. This 
would not have been possible without significant 
advances into the unknown, and the group can still, in 
spite of this accident, claim a completely clean record 
so far as radiation damage to personnel is concerned. 

The accident does, however, point the comparative 
absence of glamour in the operation of factories as com- 
pared with working at headquarters in the design and 
policy teams. There has been a strong tendency for the 
experienced men in the constructional, design and 
laboratory staff to be removed from the works and 
installed remote from the centres of operation. It will 
be surprising if Sir Alexander Fleck does not comment 
upon the grade and experience of operational staff in 
charge of the Authority’s very valuable plant in com- 
parison with the operational staff at equivalent industrial 
factories. It is likely that as a result of his investigation 
we Shall see a decentralization of some of the Authority’s 
senior people and a return to the works and laboratories 
where they can exercise continuous personal surveil- 
lance. This can have only good results and although the 
exchange of the somewhat rarefied atmosphere in the 
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higher levels at Risley for the more grimy atmosphere 
of the works might not be welcomed by some of the 
people concerned, the structure of the Industrial Group 
would be benefited and the stability of the organization 
would be increased. 

Questions must also be raised as to the proper relation- 
ship between R and D personnel and operational staff. 
This is not an easy question and, operators 
can, with certain justification, point out that if research 
people are given authority to organize the running of a 
reactor, first, the reactor will spend most of its time 
shut down and, second, it was as a result of experimen- 
tation that NRX and EBR | became supercritical. On 
the other hand, also with some justification, the research 


U.S. 


TOMIC energy development in the United States 

has once again been passing through a turbulent 
period. This has been largely brought about by recent 
revisions in the cost estimates of various projects, 
notably the Wolverine Aqueous Homogeneous Reactor 
which has risen from an early expenditure estimate of 
$3.6 million to $14.4 million. As a result, the A.E.C. 
has stopped this project and although further proposals 
are to be called for, from industry, it is unlikely that 
there will be any response. The Elk River Boiling 
Water Project has similarly run into financial troubles, 
estimates rising from $4.5 million to $11.8 million. 
Even then, A.M.F. contend that it proposes to con- 
tribute up to $1 million to the cost and to do the job 
without fee. Although these two projects represent the 
maximum increase, Shippingport estimates, which were 
in the region of $48 million, are, even neglecting some 
$40 million for research and development, now nearer 
the $70-million mark. In discussing the Elk River 
project, A.M.F. has stated that on the basis of experience 
to date power costs range for large plant from $750 to 
$1,000 per kW available electrical capacity. This should 
be compared with a figure in the region of $500 per kW 
for a Calder Hall type built in the United States. 

The depression that has resulted from all this revision 
is understandable and some radical re-thinking is 
obviously necessary. Although the A.E.C. can be 
blamed for a certain lack of leadership there is no doubt 
that, in the early stages, industry was anxious to be in 
on the ground floor and was quite prepared to give 
unrealistic estimates hoping that it would be “all right 
on the night.” In addition, one cannot help feeling that 
projects have been assessed from the physicist’s stand- 
point of feasibility rather than from the hard engineering 
realities of design and construction. For its part, the 
A.E.C. has been placed in a difficult position. Its 
mandate from the government is primarily to design, 
develop and manufacture nuclear weapons. Even in 
the United States there are few people in a position to 
comment authoritatively on the present weapon position, 
but there seems little doubt that America is far and 
away the world’s leading weapon power, both in 
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staff will maintain that purely operational staff are not 
in a position to absorb technological advances and have 
not the wide background of experience which allows 
them to assess new phenomena and take the necessary 
action. Some compromise is clearly called for and to a 
certain extent this has already been adopted in the 
Authority. The Dounreay Fast Reactor, for example, 
will be run by the Operations Branch for the R and D 
branch. With purely production piles such as Wind- 
scale, it would seem reasonable that these are largely the 
responsibility of the Operations Branch, but some 
R and D influence permanently on the staff able to 
assess and comment on operational procedure should 
be advantageous to both sides. 


Policy 


quantity and in variety and degree of development. On 
this side of the business the A.E.C. has had a clear-cut 
task and has done the job well. On the other side of 
the fence, the task has been to promote the development 
of nuclear energy for peaceful purposes. This, however, 
can be interpreted in a number of ways; for example, 
it can be taken as meaning that (1) the U.S. is to be 
“top” nation in nuclear power whatever the cost, (2) 
that an internal market is to be developed which will be 
commercially profitable to the manufacturers, (3) that 
a large export business is to be promoted either for 
political reasons or for long-term investments, (4) that 
the technology of reactor engineering is to be spread 
throughout industry so that when the need for nuclear 
power becomes pressing, or when the prospect of 
economic generation is more real, industry will be in a 
proper position to exploit it. 

All these interpretations would appear to be per- 
missible, but there seems to be a difference of opinion 
between the A.E.C., industry and Congress as to which 
should take priority. It should be emphasized that 
American man-power and effort is not illimitable and 
these interpretations are not mutually compatible. 

From this side of the Atlantic it would appear that 
the A.E.C. has regarded (4) as being its main aim, 
and has initiated a wide programme of research with 
this in view. On the other hand, industry not 
unnaturally seems to regard (2) as the major responsi- 
bility of the A.E.C., whilst Congress thinks in terms of 
(1) and all sides use (3) as an argument to support their 
own particular policy. 

With this permanent rift between the major parties, 
the A.E.C. clearly has no chance of effecting a com- 
promise or of pursuing with any success its own policy. 
It would seem that Congress must give the A.E.C. a 
much clearer directive on what job it has to do and this 
policy must be based upon a realistic appreciation of the 
situation and not upon the political expediencies of 
the moment. Until this is done, the upheavals and 
depressions which have become a regular part of atomic 
energy development in the United States must persist. 
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Commentary 


The 7 Per Cent. 


Because of credit restrictions the Mills power programme 
has come under revision and the target of 6,000 MW has 
now been put back by 12 months or so. This will be a disap- 
pointment to the consortia in many ways but is consistent 
with overall Government policy of cutting down capital 
expenditure. When nuclear power stations require a 
capital outlay of more than double a conventional station, 
in times of credit squeeze they are an obvious target. One 
factor which must also influence this decision concerns the 
increased mechanization of the coal mines which causes 
the production of a greater proportion of fine coal which 
can only be successfully burnt in large furnaces. As the 
overall demand for coal increases, so the quantity of coal 
that can only be burnt in power stations also increases. It 
must be remembered, too, that the credit squeeze must 
affect the expansion of many industries, particularly the 
smaller component companies which were requiring to 
substantially extend plant to cater for the growing nuclear 
power industry. Such companies can be placed in a 
peculiarly difficult position. If the programme has to be 
cut down or delayed, now is probably the best time to do 
it as design teams and manufacturers have been working 
under very high pressure and a period of consolidation will 
not come amiss. Furthermore, opportunities in the export 
market for large-scale plant appear to be improving and 
the “ buy British ” attitude shows signs of extending. If a 
small recession in the internal market encourages a more 
enthusiastic approach towards the export market, then from 
a national point of view a double advantage will have been 
gained. It is to be hoped, however, that this is not the 
thin end of the wedge and that capital outlay on nuclear 
power stations is not to be further reduced in the future, 
and that industry can confidently plan for all nuclear 
installations after 1967. 


Neptune Critical 


The zero energy reactor NEPTUNE built at A.E.R.E. to 
provide physics data for the Dreadnought project diverged 
on November 7. The reactor has been designed to allow 
considerable variation in the core design and, although 
unpressurized and limited in operational temperature to 
90° C, will provide detailed behaviour of water moderated 
core designs. The core is formed by an assembly of boxes 
of fuel elements placed inside a heavily shielded aluminium 
tank. The water level provides a coarse adjustment in 
reactivity and a single cadmium rod moving vertically in 
the core gives additional control. Two shut-off plates are 
also built-in which fall under gravity into the core. 

The reactor has been designed by Rolls-Royce Limited 
who as a member of Vickers Nuclear Engineering Limited 
are developing this reactor for the Admiralty. A.E.R.E. 
has, of course, provided detailed advice on the physics and 
instrumentation side and has also supplied the reactor 
building, essential services and fuel. The principal sub- 
contractors were Elliott Brothers and Head Wrightson Ltd. 

In view of the United States’ experience on pressurized 
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water design, and submarine reactors in particular, and the 
recent discussions between the United States and the 
United Kingdom on increasing the exchange of military 
information, the value of this project is called into question. 
NEPTUNE will, nevertheless, be a valuable research tool 
and will allow practical experience to be built up in this 
country on the physics of water moderated cores, although 
Dimple is a versatile research reactor which could be used 
for this purpose. Should the exchange of information with 
the United States take place on anything like the same 
scale that has been forecast, not only will much of the basic 
data be made available but, no doubt, opportunities will be 
given for personnel to gain direct experience on pressurized 
water reactors. At some time we shall, presumably, require 
to build the prototype at Dounreay, but there seems little 
point in pushing ahead with this project until we are quite 
clear on the full developments that are possible with this 
reactor type. 


RWE 1 Project Stopped 


Following the failure of the U.S.A.E.C. and AMF 
Atomics to come to terms on the development of a urania- 
thoria core, AMF-Mitchells had to offer a substitute core 
in the Rheinisch-Westfalische Elektrizitatswerk reactor 
described in our September issue. This core would have 
been made up of uranium oxide stainless steel clad fuel 
elements with an average 2% enrichment. If this offer had 
been accepted by R.W.E., the reactor was guaranteed to go 
critical within the original time and price schedule and to 
give the required net electrical output. R.W.E. have, 
however, turned down this offer and have asked the 
consortium to submit an entirely new offer. 

It is likely that some re-thinking on the whole project 
has been going on in R.W.E. This company is concerned 
only with the production and distribution of electricity and 
with doing this at an economic rate. Probably working on 
the assumption that economic power from a pressurized 
water reactor was only just around the corner, they felt it 
advisable to get experience on nuclear power generation as 
early as possible. Since the project was started the 
revision of costs in the U.S.A. will have shown that for 
some time to come the PWR system is not likely to 
produce the required financial answers, and this change in 
core design has provided an opportunity for the company 
to change its policy. It is understood that, although 
R.W.E. believe that no nuclear power system can compete 
with conventional systems in the brown coal area, a case 
can be made for a graphite moderated gas cooled reactor 
in the hard coal area. There seems little doubt that, if 
appropriate Governmental agreements could be made, 
R.W.E. would welcome the opportunity of considering a 
Calder type, and it is even probable that they would 
contract for the production of a high-power single reactor 
station. RWE 1 was only ISMW and new thinking 
appears to be tending towards a real power station project 
rather than a power station experiment. 
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Finnish Industrial Exponential Experiment 


Britain is to supply a Finnish consortium of companies, 
Yedin Nuclear Power Association, consisting of the 
country’s biggest industrial concerns, with about 14 tons of 
uranium and some 2} tons of graphite in addition to 
aluminium and _ polonium-beryliium neutron sources. 
The consortium is constructing an exponential experiment 
as a prelude to research into graphite-moderated piles and 
their subsequent use in power producing systems. British 
industry has been discouraged from conducting such 
experiments by the A.E.A. but there is little doubt that if 
a company were insistent, materials would be made avail- 
able. A number of universities for example are building 
up their own experiments with material bought from the 
A.E.A. 

It is disquieting to learn that, in spite of Finland purchas- 
ing its uranium and graphite in this country, it has gone to 
the United States for its measuring equipment. The initial 
report quotes a figure of $6,000 to be spent on this equip- 
ment which is of course a small figure, but initial sales of 
this nature frequently lead to much larger orders in the 
future. Our sales technique abroad is frequently criticized 
and it would appear that in this case there has been a 
certain lack of liaison between the A.E.A. and the manu- 
facturing companies and that an opportunity has been lost 
to start a country’s power programme off with British 
equipment. 


Training Reactors 


One of the more interesting developments in the U.S.A. 
has been the series of research and training reactors 
designed and produced by Aerojet-General Nucleonics, 
whose range of endeavour varies from small sub-critical 
assemblies right through to the boiling water multi- 
megawatt power reactor similar to EBWR. It is the port- 
able training and research reactor, however, with maximum 
output of 5 watts, the AGN201, which has been the most 
successful from a sales point of view. A few months ago, 
17 constructional permits had been issued by the A.E.C. 
and the number now on order or under discussion is 
probably over 20. 

There would seem to be only limited opportunity in 
this country for the development of a small research reactor 
of this type with a solid core and essentially simple controls 
and it is unlikely that any market will be found within 
the United Kingdom, the potential market being largely in 
countries anxious to support a small research team and 
unable to purchase even a swimming pool reactor. Univer- 
sities abroad may be interested but in industrialized 
countries the philosophy is likely to be similar to that 
adopted here, viz..a MERLIN or nothing at all. 


Fuel Reprocessing to Remain with the A.E.C. 


Although the comments made on the doubtful economics 
of fuel reprocessing for natural uranium-fuelled reactors 
do not apply to enriched elements where quite high 
processing costs can be tolerated, the A.E.C. has found 
industry reluctant to undertake this side of atomic energy 
development. It is now planning to process in existing 
Commission radiochemical facilities, for an interim period 
at least, the irradiated fuel elements discharged from 
research and power reactors. A recent survey showed that 
industry believes that the prospective income from the 
business available from the Commission and_ private 
reactors is not sufficient to warrant the risks involved in a 
very substantial investment in new facilities in the face of 
uncertainties as to the future rate of growth of industry, 
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the composition of the fuel elements and the problems 
associated with the waste storage disposal. 

At one time the A.E.A. in this country was felt to be 
unnecessarily monopolistic in its attitude towards industry 
and reprocessing, although the problems facing a commer- 
cial enterprise with waste disposal were realized to be very 
considerable. The attitude of American industry indicates 
just how difficult it would be from a financial point of view 
for a commercial enterprise to tackle this problem, and 
fuel processing is likely to remain, in the United Kingdom, 
a Government responsibility for all time. 


Reprocessing Costs 


In a paper presented to the Atomic Industrial Forum last 
month, W. B. Lewis, of the Atomic Energy of Canada 
Limited, discussed the economics of fuel element repro- 
cessing. Canada is, of course, thinking in terms of natural 
uranium-fuelled reactors moderated by heavy water, and 
whereas one can expect a burn-up in a graphite-moderated 
gas-cooled reactor of something like 0.3%, there are 
indications that the heavy water reactor could increase this 
figure to 1.0%. This implies that a substantial fraction of the 
U*® is burnt as well as a significant quantity of converted 
plutonium. With such a high burn-up figure, the justifi- 
cation for any fuel reprocessing is small. In addition, 
Canada is rich in uranium and it is now estimated that 
extracting 1% of the potential fission energy a generating 
capacity of 50,000 MW can be maintained and still leave 
a significant quantity of uranium surplus. Miners in 
Canada are fearful of lean times ahead because of the 
many years that must elapse before total nuclear power 
installations in the world reach 50,000 MW generating 
capacity. Even with 0.3% burn-up there is no prospect of 
running short of uranium in the next 30 years and if the 
experience of the petroleum industry is anything to go by, 
this period will progressively increase. 

Reprocessing could be just worth while if industry could 
offer, without any capital advances, to extract and purify 
the plutonium and recover the uranium from all fission 
products for about $8/kg of uranium or about $2.5/g of 
plutonium. Then for fabricating this plutonium into fuel 
elements the allowance would be about $5/g for Zircaloy 
cladding and less for materials that absorb more neutrons. 
Present extraction costs are working out at over $50/g of 
plutonium, but this would of course come down with a 
new plant. 


“Nuclear Engineering ’’ Survey 


This issue completes the second volume of Nuclear 
Engineering. After twelve months of publishing—the first 
issue was in April 1956—it was felt that a readership survey 
of the direct subscribers should be carried out. 3,430 
subscribers were, therefore, sent a questionnaire and of 
those received by home readers } were completed and 
returned and 2 by overseas readers. Many of these replies, 
which were considered to be an unusually high proportion 
and symptomatic of the interest that has been shown in this 
publication, contained helpful and instructive comments. 

A surprising feature of the replies showed that to every 
copy sold in the United Kingdom, there were 11.5 readers 
on average, and overseas, 10 readers per copy. The survey 
emphasizes the very wide interest in the subject of nuclear 
engineering and indicates the impact that the new develop- 
ments are making on a wide variety of industries at all 
levels. The steadily increasing circulation now exceeds 
8,500 copies per month of which more than 3,000 go 
overseas. 
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Nuelear Ship Propulsion 


By 


An Analytical Approach 


G. BAUER, php. and M. H. KENDON, 


( Rolls- Royce, Limited) 


B.Se. 


The knowledge that nuclear energy could be applied to the propulsion of merchant ships in 


the near future has promoted optimistic speculation on possible economics. 


A more 


analytical approach, admittedly including assumptions which can be questioned, produces 
cost figures which show that minimum nuclear freight rates can approach conventional 


rates but return on capital investment must be smaller. 


HE nuclear engineer looking at ships as a potential field 
for his activities can safely make a few limiting 
assumptions to narrow his range of inquiry. Nuclear 
power is distinguished by high capital and low fuel -cost, 
hence economical operation must rely on a high load 
factor. In the shipping world that is clearly to be found in 
oil tankers; moreover by the time nuclear ship propulsion 
becomes a commercial reality half the world’s shipping 
will be oil tankers and much more than half the annual 
ton-mileage on high seas will be run by them. So one is 
justified in confining ones inquiry to tankers. 

The object of the inquiry is to determine the optimum 
combination of size, shape and speed and consequently 
propulsive power. As will be shown later one can find a 
condition of minimum cost of freight of one ton of oil 
from producer to consumer and another point of maximum 
return on invested capital. 


Basic Conceptions 
The performance of a ship is essentially dictated by the 
part of the ship’s hull below the load waterline and 





Figs. 1, 2, 3.—Ship dimensions: Block Coefficient 


(left). Midships section (centre). Volumetric 


Coefficient (right). 


discussion will be confined to that portion. The customary 
way of defining a vessel’s dimensions is illustrated in 
Figs. 1 to 3. 

Fig. 1 defines the length L ‘ between perpendiculars,” 
the beam B and draught H. The ratio of the displaced 
volume V to the volume of the rectangular block L x BX H 
is known as the block coefficient c,. Its value for oil 
tankers is in the neighbourhood of 0.75-0.80. 

The midships section is illustrated in Fig. 2; the ratio of 
hull section area to the rectangle BXH is called midship 
section coefficient c,, and is of the order of 0.98-0.99. 
A further convenient coefficient of the hull shape is the 
prismatic coefficient cp)= ¢p/C». 

The fineness of the ship is well defined by the volumetric 
coefficient c, illustrated in Fig. 3, where c,=\//L* (although 
some naval architects prefer to use the definition 





c,— A/(O.01L)*). By the first usage c, for a tanker is of 
the order of 5 10°; A is the displacement in tons of sea 
water, in cubic feet. 

The wetted surface area S of a ship’s hull is usually 
expressed in the form of the coefficient c,, where c, = S/(VL)’. 

The basic understanding of the laws governing the 
resistance to motion of ships is largely due to William 
Froude. It was generally accepted in his day that models 
of ships pulled over the water give quite misleading values 
of resistance. Froude realized that this was due to the 
fact that a model could not meet Reynolds criterion for 
surface friction at the same time as the model law govern- 
ing the generation of surface waves on the water. In his 
classic memorandum to the Admiralty of 1868 he showed 
how these two parts of a ship’s resistance could be deter- 
mined separately and how models could be employed to 
understand and estimate the power requirement of ships. 
The frictional resistance is equivalent to the familiar 
resistance of fluid flow in pipes or resistance of bodies 
moving through air. 








Thus the drag D is given by the expression 
D=c¢x}teV’xS 
that is to say the friction coefficient cy is referred to the 
wetted surface § and isa function of the Reynolds Number, 
Re, 
where Re=VL/v 

and p is the density and v the kinematic viscosity. The 
best available values of c,; against Re collected and 
tabulated by Schoenherr are widely used. Since these 
friction coefficients are for smooth surfaces a roughness 
correction is necessary. There is a large literature on the 
subject but it has been found in practice that an addition of 
4.10-‘ to the friction coefficient at any Reynolds number 
gives a satisfactory friction value for a new riveted vessel 
whereas an addendum of 2 . 10-‘ is appropriate for a smooth 
welded hull. 
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Fig. 4.—Drag coefficient of airship body (model of R101). 
Length 49 in. Wetted area 6.76 sq. ft. Vol. 1.02 cu. ft. Max. dia. 8.8 in. 


Since underwater tankers must be taken into comparison 
their frictional properties might well be discussed at this 
point. The problem of finding a body of least resistance 
to motion under water is identical with the problem of 
deciding the shape of an airship. The latter problem 
received much attention some 25 years ago and the results 
are available. Fig. 4 shows the drag coefficient for a R101 
body plotted against Reynolds number together with the 
Schoenherr line for smooth flat plates. It will be observed 
that the R101 line runs parallel to the Schoenherr line and 
3.10-‘ above it. For calculating the drag of underwater 
hulls of idealized shape the friction coefficients have been 
computed to be the smooth plate cy, plus 3.10° for the 
shape, plus 2. 10-‘ for roughness allowance. 

In summary the frictional resistance of vessels rises a 
little slower than the square of the speed and the friction 
drag per unit surface area decreases with increasing size 
of vessel. 


Wave Influence 


The portion of the ship’s resistance due to the genesis 
of waves follows different and more complex laws which 
allow calculation to a first degree only and require accurate 
experimental determination. 

The length / and velocity of propagation v for a wave 
on deep unconfined water are related thus:— 

v= gl/2n. 

This formula applies to waves large enough for capillary 
forces to be negligible (Fig. 5). 

Froude’s model law states that wave patterns created by 
geometrically similar bodies moving on the water will be 
identical if their speeds are proportional to the square root 
of their lengths. 

The practice established by Froude of calculating the 
frictional resistance of a proposed ship design and of 
measuring the wave-making or residual resistance by towing 
a scale model in an experimental tank, has led to a 
fairly comprehensive established body of knowledge on 
the subject. The classical systematic investigation of the 
relation between the geometrical parameters describing the 
form of a ship’s hull and its wave-making resistance we 
owe to D. W. Taylor who spent many years of research 
in the great experimental establishment in the United 
States which now bears his name. The results of his work 
were first summarized in his “ Speed and Power of Ships ” 
in 1933 and are now available in detail in exemplary form 
in the David Taylor Model Basin publications. 

Taylor started with a successful low-resistance hull and 
with the help of preliminary experimentation converted it 
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into a shape which would be defined by analytical expres- 
sions. The Taylor series as it is known consists of a 
systematic variation of this shape and with a range 
of prismatic coefficients for three different beam/draught 
ratios and a series of volumetric coefficients it covers 





Fig. 5. Waves generated by a ship. 


(From Froude’s collected papers.) 


a complete range of possible merchant ships. A sample 
page is produced in Fig. 6. In the nature of the process 
the Taylor series does not cover the conventional tanker 
shape consisting of a fore and an aft body with an extended 
portion of constant section between, but it is still a good 
guide and the most widely used. 

When powers in excess of 20,000 s.h.p. or thereabouts 
are involved on these slow-speed ships one single propeller 
of practicable dimensions can no longer absorb them 
without a decrease in propulsive efficiency and twin-screw 
designs have to be laid down which require considerable 
alteration of the stern layout and may involve substantial 
additional losses. In a detailed analysis this transition step 
must clearly be accurately evaluated although in the interest 
of generalized relations it has been neglected here. 
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Fig. 6.—Residual resistance coefficient of Taylor series vessel. 


Power Requirements 


Using the methods outlined, the effective horsepower— 
drag X speed—of different shapes and sizes of ships can be 
evaluated. Fig. 7 shows an example of the type of answer 
obtained. When e.h.p.—effective horsepower—is plotted 


against tonnage displacement for bare hulls without 
appendages for series of R101-shape submarines and two 
Taylor series vessels, one fairly fine of c, 0.75 and 
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cy =4.10° and one full in shape with c, = 0.80 and cy. 
ec, = 7-10 The horse-powers are shown for speeds of 18 mo] x 
knots and 20 knots. Fig. 8 shows the relation between z Q LENGTH 
diameter, length and displacement of the submarines a] 3 
calculated. bs) Poe 
The main point which becomes immediately obvious 
from Fig. 7 is that speed is very expensive in propulsive 80}-400 
power. Taking for instance the fairly fine shape vessel, 
15,000 effective horsepower will either propel a 33,000-ton 60}-300 
vessel at 20 knots or a 98,000-ton vessel at 18 knots. In 
other words, it always pays from a power point of view to 401-200 
make ships bigger rather than faster. 
To get a true comparison it is necessary to estimate 201-100 
service shaft horse-power rather than effective horse-power 
of a bare hull. In doing this one is on very much less firm \ | | | fl 
ground and documentation is scarce. A scheme has been ° 10 20 30 40 50 60 70 «80 


chosen which is debatable but does give, at least approxi- 
mately, the established figures for surface vessels. 

For surface vessels 8% is added to the e.h.p. for drag of 
appendages, 30% for weather allowance and a total 
propulsive efficiency of 70% is assumed. This adds up to 
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Fig. 7.—Effective horse power for different hulls. 


a factor 2.0 between e.h.p. and s.h.p. For submarine 
tankers, 10% has been added for appendages, no weather 
allowance is made and a propulsive efficiency of 80% is 
justified by a single propeller symmetrically placed. The 
ratio between s.h.p. and e.h.p. is then 1.37. 

With these factors the results shown in Fig. 9 are 
produced. The point made earlier about the relative power 
demands of size and speed remains. In addition it can 
be seen that the advantages of a fine hull shape diminish 
rapidly with decreasing speed and that the advantage of 
the submarine tanker over the surface vessel is greatest 
at higher speeds and lower displacements. In actual opera- 
tion as opposed to trial conditions the advantage of the 
submarine would be expected to be larger still since it 
would always operate in constant surroundings and design 
conditions whereas surface vessels often have to reduce 
speed to avoid damage by bad weather. 


Operating Costs 


The operation of an oil tanker of 100,000 tons dead- 
weight capacity propelled first by conventional machinery 
and then by nuclear machinery will be considered in detail. 
Assume the transport of oil from the Persian Gulf to a 
European port, both outwards and return journeys being 
via the Cape. The route length is taken as 11,000 miles. 

The procedure adopted is to work out and plot the total 
transportation cost (£/ton of oil transported) against tanker 
operating speed optimizing the hull form at each speed. 


1,000 TONS A 


Fig. 8.—Dimensions of R101 shape submarines. 


It will be apparent that the higher the operating speed, the 
more journeys and hence the greater the quantity of oil 
carried per year: thus spreading the capital cost of the 
tanker over a larger quantity of oil and tending to reduce 
the transport cost per ton. On the other hand the increased 
speed requires a greater shaft horse-power and more fuel, 
tending to increase the transport cost per ton. There 
should, therefore, be an operating speed giving the 
minimum transport cost. 

With regard to the hull form, a fine hull form would be 
more expensive than a blunt one thus tending to increase 
the transport cost per ton although the finer shape would 
require less power and hence less fuel, thus tending to 
reduce the transport cost. In fact, for each speed, transport 
cost versus the volumetric coefficient can be computed. 
The minima of these curves are then used for the cost 
versus speed curves. 

Taking the economic life of a tanker to be 16 years and 
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Fig. 9.—Estimated shaft horse power for the ships of Fig. 8. 
assuming an interest rate of 8%, the total annual capital 


charges for the conventional tanker are made up as 
follows: — 





Interest and depreciation “3 , nh ss a “ 12.7% 
Insurance... aa PP ae Re Us ie 7 - 2.0% 
Maintenance ay i : és a ef Pe “ 1.0% 

15.7% 





The same figure has been used for the nuclear tanker 
because although special nuclear risks might tend to 
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Fig. 10.—Conventional tanker hull optimization at 17.5 knots. 


increase the insurance rate, the increased capital cost of 
the nuclear vessel would tend to reduce the percentage 
maintenance charge. In addition in both cases crew costs, 
etc., are assumed to be £60,000 per annum. Table 1 gives 
the remaining data used in the calculations. 








TABLE 1 
Item Conventional Nuclear 
Period in service p.a. 340 days 340 days 
Port turn round time 1 1 day 


xe a 
Oil fuel consumption me a 0.55 Ib/s.h.p.,h — 
Oil fuel cost .. a a : 178/- per ton 
Uranium fuel element cost 

Reprocessing cost per tonne U .. 
Plutonium credit .. os 
Depleted Uranium credit .. 

Fuel burn up .. 


£1 7,500/tonne 
£3.500 
£5,000/kg of Pu 
nil 
3,000 MWD/tonne 


OAS 

















Taking the conventional tanker first; the s.h.p. required 
at a given speed is estimated, as already explained and 
hence the machinery and hull costs for various values of 
the volumetric coefficient. Knowing the speed and journey 
length the quantity of oil carried per year is assessed. Thus 
the component of the transport cost due to the fixed annual 
charges (annual capital charges and crew costs) in £ per 
ton of oil transported can be calculated. The component 
of transport cost due to the fuel cost is found knowing 
the speed and length of journey, shaft horse-power, specific 
fuel consumption and fuel cost. For ease of calculation 
the speed and fuel consumption on the outward and return 
journeys are assumed equal. This will not affect the com- 
parison between nuclear and conventional propulsion. 

The fixed and fuel components and the total transport 
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Fig. 11.—Conventional tanker hull optimization at 20 knots. 


cost are plotted against c, (volumetric coefficient) for each 
speed. From these curves the optimum hull form is chosen 
for each speed and the transport costs corresponding to 
these hull forms plotted against the speed. 
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Fig. 12.—Transport costs for conventional tanker. 


Fig. 10 is an example of a hull optimization curve for a 
vessel of 130,000 tons displacement with cp = 0.78 and 
ratio B/H=2.25 operating at a speed of 17.5 knots. It will 
be noted that at this speed the variation in hull form has 
virtually no effect on the transport cost. Fig. 11 is a 
similar curve for a vessel as before but operating at a speed 
of 20 knots. It can be seen that as the speed increases the 





La Propulsion Nucléaire des Bateaux 


Les chiffres de cout probables pour lVactionnement d’un grand 
bateau-citerne nucléaire sont comparés a ceux qui s’appliquent 
normalement aux bateaux de la marine marchande; les avantages 
dun service hydrodynamique amélioré pour Vopération des sous- 
marins sont aussi examinés. En faisant des suppositions raison- 
nables pour le cout d’une installation nucléaire devant assurer 
la puissance en chevaux a l’arbre requise on arrive a des chiffres 
de cout d’opération lesquels, méme pour un navire de trés grandes 
dimensions, ne se comparent pas favorablement a la propulsion 
conventionnelle. 


Schiffsantrieb durch Atomkraft 

Die wahrscheinlichen Kosten fiir Betrieb eines grossen Tankers 
mit Atomkraft werden mit denen fiir Handelsschiffe iiblicher 
Bauart verglichen. Die Vorteile eines verbesserten hydro- 





dynamischen Antriebs fiir U-Boote werden ebenfalls untersucht. 
Bei Zugrundelegung angemessener Werte fiir die Kosten der 
Bereitstellung der erforderlichen Wellen-PS durch Atomkraft, 
kommt man zum Schluss, dass selbst bei sehr grossen Schiffen 
diese Antriebsart gegeniiber den herkémmlichen  Antriebs- 
systemen ungiinstig abschneidet. 


Propulsion Nuclear de Buques 


Se comparan las cifras del costo de la operacién de un buque 
petrolero nuclear grande con las que normalmente se encuentran 
tratandose de buques mercantes. Las ventajas de un servicio 
hidrodinamico mejorado para la propulsién de submarinos 
también son investigadas. Presumiéndose factores razonables 
en el calculo de instalaciones nucleares para rendir el H.P. de 
drbol necesario, se llega a una cifra de costo de operacién que 
aun para un buque muy grande compara desfavorablemente 





con la propulsién convencional. 
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Fig. 13.—Nuclear machinery costs (excluding fuel charge). 


optimum hull form becomes finer whereas below about 
17.5 knots there is no point in producing anything but a 
blunt hull form. 

Fig. 12 shows the final plot of transport cost versus 
operating speed for the conventional vessel. 


Nuclear Propulsion 


Considering now the nuclear vessel, it is assumed that the 
reactor would be of the graphite-moderated gas-cooled 
natural uranium type, i.e. basically Calder Hall, although 
greatly modified to suit marine conditions. One of the 
most difficult items to assess is the capital cost of the 
nuclear machinery, but Fig. 13 indicates the figures used 
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4.—Transport costs for nuclear tanker. 


which are considered to be on the pessimistic side. Once 
the machinery capital cost has been ascertained the deter- 
mination of the fixed cost component of the transport cost 
follows exactly as for the conventional plant. 

To establish the fuel costs, the total weight of fuel 
required for each s.h.p. output is estimated. Assuming an 
irradiation time of 3,000 MWD/tonne, the reject U?® 
content is below 0.6 Co and the plutonium content, 1.8 kg 
per tonne of uranium. Depleted uranium below 0.6 Co 
has no value as a nuclear fuel, and the only credit to be 
allowed is for the plutonium. We can thus calculate the 
time each fuel element is in the reactor, the fuel cost, 
investment interest, and reprocessing cost and knowing the 
plutonium credit we find a net fuel cost. Dividing by the 
total quantity of oil transported in this time gives the fuel 
component of the transport cost. 
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Fig. 15.—Annual return on invested capital (freight rate £4/ton). 


Fig. 14 shows the final plot of the transport costs versus 
operating speed for the nuclear tanker. 

It will be noted that the fixed cost component is far the 
more significant one and that only a relatively small reduc- 
tion in the machinery costs for a given output is required 
to bring the minimum nuclear transportation cost down to 
the conventional one. However, it is apparent that the 
nuclear minimum transport cost occurs at a higher speed 
than in the conventionally powered ship. 


Oil-tanker operators would not, however, necessarily 
operate their vessels at this point of minimum cost. The 
nature of their business is such that they quote a certain 
freight rate in £ per ton of oil transported over a given 
journey and it is on this basis that they are paid. The 
actual value of this freight rate can vary considerably with 
supply and demand for tanker capacity. For instance, the 
peak rate for the journey during the Suez dispute was £19 
per ton (admittedly using small tankers designed for the 
Suez run via the Cape) whereas the present rate through the 
Suez Canal is something over £2/ton. 


For the purposes of illustration, if a freight rate of 
£4/ton is adopted the annual return on the capital invested 
in the tanker can be calculated. Fig. 15 shows this percen- 
tage return plotted against operating speed for both the 
conventional and nuclear tankers. 


It will be noted that the optimum operating speed in this 
case is higher than the speed for minimum transport cost. 
In general the higher the freight rate the higher the 
optimum operating speed. It will be seen also that the 
higher capital cost of the nuclear vessel puts it at a 
disadvantage from this point of view, even when the 
minimum transport cost is equal to that for the conven- 
tional vessel. 


The authors are much indebted to Messrs. Burness, 
Corlett and Partners for instruction in the elements of naval 
architecture and the supply of many valuable data and 
references. 
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FINNED TUBES— 


and their Performance Characteristics 


By A. LYMER, BSc. (Eng.), A.M.LMech.E. 
(Simon-Carves, Ltd.) 


The importance of rapid comparison of different types of extended-surface tubes can hardly 
be over-estimated. Theoretical and practical methods of this are described in this article 
which emphasizes that the final assessment of tube performance depends on the total cost 


(capital and running costs) of the complete steam unit. 


ie steam-raising units coupled to reactors of the Calder 

Hall type, the carbon dioxide heat source is at a rela- 
tively low temperature by conventional boiler standards. 
Steam cycle considerations make it desirable to provide 
steam at the highest possible temperature which, at best, 
can only approach the limited maximum gas temperature. 
The temperature difference between the gas and the tubes 
containing the steam may be kept fairly small, by forced 
circulation of the gas over a very large surface area of 
tube. This can be done by using a vast quantity of plain 
tube in cumbersome steam-raising units, but as the gas is 
clean and corrosion of the tube is mild, advantage can be 
taken of finned tubes thereby reducing the length of tubing 
and the size of the steam-raising units. 


Types of Finned Tube 


The two main types of extended-surface tubing for steam- 
raising units are studded and annular finned tubes as 
shown in Fig. 1. The tube with longitudinal fins is specially 
designed for use as a superheater tube. All the tubes 
considered here are steel throughout. 

A staggered pitching of horizontal tubes in a vertical 
steam-raising unit is chosen to reduce the overali height. 
This limits the transverse tube-pitch to a distance slightly 
more than two tube diameters to enable the return bend 
at the end of one row to fit between tubes of adjacent rows. 
The longitudinal tube-pitch is limited by the need to allow 
some clearance between the fin-tips of tubes in adjacent 
rows. 

The tube pitching also imposes a maximum height to the 
fin, whereas fin pitching is governed largely by manufac- 
turing considerations and fin thickness by corrosion 
allowance, mechanical strength and temperature profile 
along the length of fin. 

Within these limitations, therefore, it is possible to 
construct and test some of the various types of finned tube 
assembly at similar tube pitchings to obtain some assess- 
ment of their performance. 


Heat-transfer Characteristics of Finned Tube 


For a finned tube the rate of heat transfer between gas 
and finned tube per unit length of tube can be expressed as 


Q = ho ° Ao . Ato + hp . Ar. Atm. 


Assuming that ho =hp=h 
and letting Atm|/4to=n 
(the fin efficiency) 
Q =h(Ao + Af. n)Ato 
= hd(Ao + Af)Ato 
where the weighted fin efficiency 
Ao + Af. 7 
—— 
or Q=H.Ato where H =h.4(Ao + Af), 


the heat transferred per hour per ft of tube per °F of 
maximum temperature difference. 


Fin efficiency is a function of fin height, fin thickness, 
thermal conductivity of fin material and heat-transfer 
coefficient. By assuming a uniform heat-transfer coefficient 
over the surface, the efficiency can be calculated for various 
types of fin. For example, in the case of a fin in the shape 
of a pin or rod, the calculated fin efficiency, 

7 = (tanh ml)/ml 
where m = V(h. C/{kA) ft" 
and the heat transfer coefficient h is considered uniform. 

For a particular fin it is possible to calculate the fin 
efficiency, and hence the weighted fin efficiency, for a given 
value of heat-transfer coefficient and thus to calculate 
H|(Ao + Af) or h.p for various values of h. Therefore, if 
either h or h.p be known, the other can be calculated. 

The value of h is far from uniform over a fin surface 
and, in fact H (or h.¢) must be determined experimentally 
and from this a value of h found. Over an annular fin, for 
example, the coefficient is low on that part of fin in the 
stagnant region immediately in front of the tube and high 








Symbols for Performance Characteristics of Finned Tubes 


a_ : tube wall thickness 

A : cross sectional area of rod, ft? 

A, : area of tube between fins/unit length tube, ft?/ft 

Ar : area of fin/unit length tube, ft?/ft 

Cp : gas specific heat, B.t.u./lb,°F 

C_: perimeter of rod, ft 

d_ : tube bore, ft 

dm : mean dia. tube wall, ft 

f —: pressure drop coeff. 

h_ : heat transfer coefficient, B.t.u./h, ft?, °F 
subscripts ; 0 : mean tube ; f: mean fin ; e : equilibrium ; 
mean ;s : mean between steam and tube wall 

H_ : heat transferred, B.t.u./h, ft,°F (max. temp. diff.) 

k _:; thermal conductivity of fin material, B.t.u./h, ft?, °F 

km : mean therm. cond. of tube wall, B.t.u./h, ft?,°F 

/ ;: height of fin, ft 

L_ : length of tube, ft 


Nu : Nusselt number (AD/kf) 
Ap : pressure drop between planes upstream and downstream 
of tube, lb/ft? 
: Prandtl number (Cp,¢ . ur/kp) 
: heat transferred/tube, B.t.u./h 
: heat transfer rate between gas and finned tube/unit length 
tube, B.t.u./h, ft 
Re ; Reynolds number (GD/uf) 
t  ;: temperature °F 
subscripts ; f : film; g : bulk gas; w: tube wall 
At : temperature difference, °F 
subscripts; c: over condensate film; 0: between gas and 
tube ; m : mean between gas and fin 


o> 9 





V : upstream gas velocity, ft/sec 
4: fin efficiency, Atm/Ato 
dé  : weighted fin efficiency 


: gas density, lb/ft* 
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Fig. 1.—Different types of extended surface tube. 
(1) Circular studs, 4” dia. at staggered pitch. (2) Circular studs, }” dia. at in-line pitch. (3) Elliptic studs at staggered pitch. (4) Elliptic studs at 


in-line pitch. (5) Annular low fin. (6) Annular high fin. 


(7) Spirally wound low fin. 


(8) Spirally wound high fin. (9) Plain cube with two 


longitudinal fins. 


on the fin at the side of the tube where the gas velocity 
is highest. At the rear of the tube where the gas has 
separated from the tube wall and the fin surface is swept 
by alternate vortices, the heat transfer coefficient is very 
low. In addition the temperature difference between the 
gas and fin is also low here. As heat transfer rate is a 
product of coefficient and temperature difference, the fin 
at rear of the tube contributes relatively little to the 
total heat transfer. This is ignored in deriving a mean 
value of h. 

For plain tubes it is usual to evaluate gas properties at 
the mean film temperature, which for a finned tube is:— 

tf = lg — Afo . $/2 for 

and tf = tg + Ato.¢/2 for te < tw 

From the experimental determination of H it is there- 
fore possible to set up the usual non-dimensional Nusselt 
equation for heat transfer between a gas and a surface 
thus: — 


tg > tw 


Nui =. Ret. Pre...) 
where «, a and 6 are constants. 

The outer diameter of the tube is used here as the length 
factor and gas properties are evaluated at the mean film 
temperature. 

All this, of course, assumes a uniform heat-transfer 
coefficient over the outside of the tube and fin, equal in 
magnitude to the “ mean” as derived previously. This is 
very much a simplification of the true state of affairs but 
it does provide a method of sufficient accuracy and 
reliability, especially when the value of fin efficiency is high. 


Heat-transfer Characteristics of Bank of Finned Tubes 


For plain tubes it is well known that the heat-transfer 
coefficient for a tube in a particular row increases with the 


depth of that row in the tube bank and appears to reach 
some equilibrium value after the sixth row or thereabouts, 
by which time a definite flow pattern is established. 

For finned tubes, this “ levelling out” of coefficient has 
been found to take place at about the third or fourth row. 
The data may be presented in the formn of equation (1) for 
each row up to, say, the fourth row. In the main, the 
equations for successive rows differ only in the value * «’ 
and it is convenient to express this change in heat-transfer 
coefficient at any particular row by its ratio to that at a 
row where the coefficient becomes independent of position 
in the bank. 

Suppose that, for a bank of tubes ‘n’ rows deep, the 
heat-transfer coefficient attains an equilibrium value at the 
* p™’? row, remaining constant for all subsequent rows, 
except for the last row. 

Then the mean coefficient 


hm 4 [hs tha+..... Np + Iqp+s) +... hn], 
and writing 
hp = hipt) = ip) =... -- = hn—1) = he, 
gives 
hm = : [} Be A p—s) in| n [“"} ; 
n n 
or 
lin ott hy he Nip-) hn \ 
ae oe a one api 


For a given Reynolds number the quantity in the outer 
brackets is a constant (=c, say) so that 
hmlhe = 1 - c/n 
From a bank of finned tubes, say only six rows deep, it is 
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possible to determine in this way the mean heat-transfer 
coefficient for a bank of tubes of any depth, by measuring 
the value of c at specific Reynolds numbers, and the heat- 
transfer coefficient for the fifth row to determine over a 
range of Reynolds numbers. 

Data are presented in this way (Figs. 2 and 3) for various 
types of finned tube. 
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Fig. 2.—Change in heat-transfer coefficient through a bank of 
finned tubes. 


Pressure-drop Coefficient for Finned Tube 


The drag of a tube is a combination of skin friction and 
form drag and is a function of Reynolds number, free 
stream turbulence and surface roughness. It may be 
expressed non-dimensionally as a pressure-drop coefficient, 
the number of velocity heads lost per row, 


-& 
= Ap —. 
2g 


where 9V?/2g= velocity head upstream of tube. 

For a plain tube the drag is almost wholly form drag 
for Reynolds number > 1000), but for a finned tube the 
proportion of form drag to skin friction depends on the 
type and extent of fin; for example, a circular pin fin 
would be expected to contribute chiefly form drag to the 
total, whilst with a flat annular fin drag would consist 
almost wholly of skin friction. 





Pressure-drop Coefficient for Bank of Finned Tubes 


Tube pitching adds another factor to those influencing 
the drag. On progressing through the bank, the increased 
turbulence and changing flow pattern tend to delay the 
separation of the boundary layer at the tube wall and so 
reduce the form drag. The skin friction, however, 
especially in the case of a flat annular fin, tends to increase 
because the gas flows over a greater area of fin at higher 
velocity, whereas in the front rows there are greater areas 
of relatively stagnant regions. 

It is conceivable that the net effect can be either an 
increase or a decrease in total drag with increasing distance 
from the front, but of the tubes tested so far the latter 
appears to be the case. This is indicated by pressure-drop 
measurements over tube banks with different numbers of 
rows. 

Such pressure-drop measurements do not enable the 
change in pressure-drop coefficient through a bank of tubes 
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to be derived. 
expressed as 


Instead, a mean pressure-drop coefficient 


: 1 eV? 
Sm =- | Ap for ‘n’ rows — 
n 28 


is measured. By using this expression, the pressure-drop 
can be calculated, with a slight overestimation, for a much 
larger number of rows than that actually tested. 

Values of mean pressure-drop coefficient for various 
types of finned tubes are plotted against air mass flow in 
Fig. 4. 
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Fig. 3.—Heat-transfer characteristics of some finned tubes in air 
(for key, see Fig. 1). 


Experimental Method 


The aim of experimental work in this field is to obtain, 
as quickly as possible, the heat-transfer and pressure-drop 
data for a large number of different finned tubes so that 
comparisons may be made of their performance. The 
volume of work which this entails necessitates a simple 
methead. 

These requirements are met by passing condensing steam 
through vertical tubes while air at atmospheric pressure 
and temperature is drawn over the outside of the tubes in 
an open-circuit wind tunnel. Tubes need not be fitted 
with thermocouples but simply installed, as manufactured, 
in the tunnel. No air temperature traverses over the tunnel 
cross-section are necessary. In addition, a reasonable 
accuracy is attained from relatively simple measurements. 

This method can also be used to provide design data, 
by transposing experimentally derived figures obtained on 
this air rig into data for pressurized, high-temperature, 
carbon dioxide—the conditions in the steam-raising unit. 

Using the Nusselt equation the heat transfer from a tube 
in carbon dioxide, whose properties are denoted by a 
dash (’), is represented by:— 


Nu' = «.Re™ .Pr° 


Thus, correlating the equations for identical tubes at 
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it. | the same Reynolds number in air and carbon dioxide:— 
hah (ky [kp)( Pr’ Pr)? 
For this value of h’ and this particular fin there is a 


unique value of @ and therefore of the conductance h’.’ 
in carbon dioxide. 


p The temperature gradient in the air rig tests described 

h is Opposite to that in the steam-raising units but it is 
assumed that any influence this may have on design data 

S derived from the air tests is reduced to small proportions 
by evaluating gas properties at appropriate mean film 
temperatures. 


Pressure-drop coefficients at Reynolds numbers experi- 
enced in the steam-raising units are obtained from 
measurements on the air rig at these corresponding 
Reynolds numbers. 

The alternative method of obtaining experimental data 
directly, with pressurized, high-temperature, carbon dioxide, 
i.e. under conditions identical with those in the steam- 
raising units, requires much more complicated apparatus. 
The greater effort needed in this case would provide a 
doubtful gain in accuracy. 


Apparatus 

The wind tunnel is nominally 20 in. square in cross- 
section and is essentially an open-circuit atmospheric air 
tunnel. Air is drawn through an inlet contraction, thence 
through the working section and ducting by a centrifugal 
fan, and blown through a diffuser into the laboratory. The 
fan is induction-motor driven and speed control is by means 
of a Fluidrive coupling. The working section has a wooden 
top and bottom drilled to the required tube pitch and the 
tubes are installed vertically. 

The tube bank usually consists of tubes six rows in 
depth with six tubes per row. The staggered tube pitch 
arrangement requires half-tubes in some rows at the tunnel 
walls. 

Heat-transfer tests are carried out on only one tube at 
a time. The air temperature in the tube bank then corres- 


Ibyh, fe? 
| 
AIR MASS FLOW IN EMPTY TUNNEL 
6,000 | 8,000 





3,000 5,000 7,000 9,000 20,000 


Fig. 4.—Pressure-drop characteristics of some finned tubes 
in air (for key see Fig. 1). 





Fig. 5.—General view of wind tunnel in the laboratories of 
the G.E.C. Atomic Energy Division at Erith. 


ponds to the laboratory air temperature, which can be 
measured simply and with little error. Rubber hose 
connects the required tube to a supply of steam, which is 
slightly superheated at a pressure just above atmospheric. 
Heat losses are reduced by using electrically heated tapes 
wound round the pipes. The steam condenses on passing 
through the tube in the working section and is collected, 
by means of a U-tube and spillway, in a measuring flask, 
over a measured time. Steam inlet temperature and outlet 
condensate temperature are measured by thermocouples, 
and the saturated steam pressure by manometer. Superheat 
is necessary at the inlet so that the steam quality may be 
easily obtained. In calculating the convective heat transfer 
from a tube, an allowance, which is very small, is made 
for tube losses and radiation losses. 

Pressure-drop is measured between planes well upstream 
and downstream of the working section when no heat 
transfer is taking place. 

A general view of the tunnel is given in Fig. 5 and a 
diagrammatic arrangement in Fig. 6. 


Accuracy of Method 


For heat-transfer data, the main error in the experimental 
method arises where an estimate of the mean temperature 
drop over the condensate film and tube wall is subtracted 
from the steam temperature to give the temperature of the 
outer surface of the tube. For steam condensing film-wise 
in a vertical tube the theoretical value of the mean heat 
transfer coefficient (h,) can be closely represented in terms 
of the tube length (L), and mean temperature drop over 
condensate film ( At.) by the equation 

4000 
L' 14 ze At-' 3 
Published data suggest that values of 4, may be obtained 


hs 








NUCLEAR ENGINEERING 


December, 1957 


Table 1. Derivation of Tube Characteristics 

















Ratio :— 
Pressure drop per ft Heat transfer per sq 
Pressure _ ia acl depth of tube bank fc of frontal area ak —. per sq ft frontal area 
Petals p.s.i./ft B.t.u./h, ft?, °F per row | Pressure drop per ft depth 
(B.t.u./h, ft?,°F)/(Ib/in? fr) 

General expression (f.G?/e) . 8.33 . 10-*? (f.G?/Sie) . 10-"° 12 H/Sr H/Sr.f.(G?/e) | . 144. 10°° 
Specific values at air flow 

G=15,000 Ib/h, ft?; air density 

e=0.0767 Ib/fc?_.. = x f . 0.02445 (f/SL) . 0.293 12 H/Sr 492H/Sr .f 














Sr and Sx are transverse and longitudinal tube pitches respectively (inches). 


up to 50% more than this. In the present tests, a value of 
h, equal to 1.5 times the theoretical has been assumed when 
calculating Ar, thus :— 


Afe = +q/1°5 . 4000 . xd L?" +3? 


This rather high factor of 1.5 tends to give slightly 
conservative values of H. 

In addition an allowance is made for the temperature 
drop over the tube wall:— 


Atw =q.alkm.n. dm. L 


Therefore, the greater the heat flux, the greater is the 
possible error on the outside tube wall temperature and 
hence on outside conductance H. In these tests the order 
of this error is estimated to be approximately 1% for plain 
tubes and 7% for a finned tube. 


In transposing these data to design conditions, the error 
on heat-transfer coefficient arising from the effect of 
weighted fin efficiency is negligible provided that the fin 
efficiency is reasonably high, i.e. greater than 70%. Here 
the main errors arise from uncertainties in the values of 


thermal conductivity for air and carbon dioxide. These 
uncertainties are taken to be 2% and 5% respectively. 
This gives a final error on heat-transfer coefficient in carbon 
dioxide of 6% for a plain tube and 9% for a finned tube. 

The values of pressure-drop coefficients are relatively 
independent of gas properties so that the principal error 
here arises from the method of measurement, as explained 
previously. It is thought that values derived in this way 
may be overestimated to some value within 5%. 


Assessment of Performance 


Heat-transfer and pressure-drop data are given in Figs. 3 
and 4 for a plain tube and for the tubes shown in Fig. 1. 
Tube diameter is the same in all cases. The transverse 
tube-pitch for the studded tubes shown is 8% greater than 
for the rest; the longitudinal tube-pitch is made as short 
as possible to give a compact arrangement. 

From the experimental data and the general expressions 
given in Table 1, specific values of tube characteristics can 
be derived. Values for the tubes shown in Fig. 1 are 
given in Table 2. 





Le Rendement de Transfert de Chaleur des Tubes a Ailettes 


La production de la vapeur nucléaire avec ses grands volumes 
de gaz a une température relativement réduite a démontré 
Vimportance de la conception de la surface des tubes dans le 
générateur de vapeur; les deux types principaux de surface 
augmentée employant des perles ou ailettes annulaires. 

Lors de la comparaison des avantages relatifs des divers types 
de surface agrandie, les caractéristiques de tombée de pression 
doivent étre prises en considération aussi bien que les coefficients 
véritables de transfert de chaleur eux-mémes, pour les tubes a 
ailettes et pour les assemblages de tubes. 

L’obtention des données de transfert de chaleur et de chute 
de pression pour un grand nombre de tubes nécessite une méthode 
simple, et de bons résultats ont été obtenus en faisant passer 
de la vapeur en condensation par des tubes verticaux pendant 
que de lair a la pression et a la température atmosphériques est 
aspiré au-dessus d’eux dans une soufflerie. Il n’est pas nécessaire 
de munir les tubes de couples thermo-électriques et les tubes 
pourront étre installés comme ils sont fabriqués. La méthode 
est beaucoup plus simple que l’emploi d’anhydride carbonique 
(CO2), et les résultats peuvent étre transposés a la forme requise. 

Il est fait ressortir que l’évaluation finale du rendement des 
tubes n’est pas tant représenté par le transfert de chaleur effectif 
par heure, que par le coiit d’unité de chaleur transférée par heure, 
en tenant compte de l’effet produit par un tube déterminé sur les 
dépenses de capital et d’opération du groupe de vapeur complet. 


Warmeiibertragungsleistung von Rippenrohren 

Die Dampferzeugung im Kernkraftwerk mittels  grosser 
Gasmengen von verhdltnismdssig niedriger Temperatur hat die 
Bedeutung der Rohroberflachenkonstruktion in den Vordergrund 
geriickt. Bei den hauptsdchlich in Frage kommenden Roéhren- 
typen erfolgt die Oberflachenvergrésserung durch Stifte oder 
ringformige Rippen. 

Beim Vergleich der Vor- und Nachteile dieser Systeme der 
Oberflachenvergrésserung miissen nicht nur die Druckgefalle- 
charakteristiken, sondern auch die tatséchlichen Warmeleitzahlen 
der Rippenrohre und Rohrbatterien beriicksichtigt werden. 
Zur Ermittlung von Daten iiber Warmeiibergang und Druckgefalle 
fiir eine grosse Zahl von Rohren muss eine einfache Methode zur 
Verfiigung stehen. Gute Ergebnisse wurden mit einem System 
erzielt, beidem Kondensationsdampf durch senkrecht angeordnete 





Rohren geleitet wird, die in einem Windkanal von Luft von 
Atmosphdrendruck und -temperatur bestrichen werden. — Ther- 
moelemente brauchen nicht in die Rohre eingesetzt zu werden, 
die man im Lieferzustand einbaut. Dieses Verfahren ist viel 
einfacher als Verwendung von Kohlendioxyd unter Druck, und 
man kann die Ergebnisse entsprechend umrechnen. 

Zu beachten ist, dass die endgiiltige Beurteilung der Réhren- 
leistung weniger eine Frage der eigentlichen Wdarmeiibertragung 
Je Stunde ist, als vielmehr der Kosten je Warmeeinheit je Stunde, 
wobei der Einfluss einer bestimmten Réhrensorte auf Kapital- 
und Betriebskosten der gesamten Dampfanlage zu beriicksichtigen 
ist. 


Comportamiento de Tubos Aleteados en la Transferencia de 
Calor 


La generacion de vapor nuclear con sus grandes volimenes 
de gas a una temperatura comparativamente baja ha demostrado 
la importancia del disefio de la superficie de tubos en el generador 
de vapor. Los dos tipos principales de superficie extendida 
emplean “* esparragos”’ o aletas anulares. 

Al hacerse la comparacién de las relativas ventajas de los 
diferentes tipos de superficie extendida, se tienen que tener en 
cuenta las caracteristicas de caida de presién, asi como también 
los verdaderos coeficientes de transferencia de calor para tubos 
aleteados y para bancos de tubos. 

La obtencién de datos de caida de presion y transferencia de 
calor para un nimero grande de tubos exige un método sencillo, 
y se han obtenido buenos resultados haciendo pasar vapor de 
condensacién a través de tubos verticales, mientras que se hace 
pasar aire a presién y temperatura atmosféricas sobre ellos en 
un tunel de viento. No es necesario colocar acoplamientos 
térmicos en los tubos, los que pueden ser instalados conforme 
salen de la fabrica. Este método es mucho mds sencillo que el 
empleo de anhidrido carbénico (CO2) sobrecomprimido, y los 
resultados pueden ser transpuestos a la forma necesaria. 

Se hace hincapié en el hecho de que la valoracién final del 
comportamiento de tubos no es tanto la efectiva transferencia de 
calor por hora, sino el costo por unidad de calor transferida por 
hora, teniendo en cuenta el efecto que un tubo determinado 
tenga sobre los gastos capitales y de funcionamiento de la com- 
pleta unidad de vapor. 
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In assessing the performance rating of a finned tube for 
use in the evaporator and economizer sections of a steam- 
raising unit where the inside thermal resistance is not the 
controlling one, greater emphasis is placed on a high value 
of H rather’ than: on a possible low value of f. In the 
superheater section, however, where the outside thermal 
resistance need only be about the same as that inside, a 
large value of H is not necessary. (This does not preclude 
the use of a tube of high H value, providing, of course, 
it is more economical.) 

Performance rating is not directly proportional to H. 
The effect of inside thermal resistance must be taken into 
account when estimating possible savings due to the use 
of a particular tube. For example, a tube with a 100% 
better H value may only be 50% better when allowance 
has been made for this inside thermal resistance. This 
means a 50% saving in tube length with a corresponding 
reduction in number of return bends and height of steam- 
raising unit. 

High-pressure drop on the outside of the tubes is not 
an obstacle. For a given type of finned tube and tube 
pitch and with fixed values of heat-transfer rate and total 
gas-flow rate, the pressure drop is inversely proportional 
to the diameter of the steam-raising unit to a power of 
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Fig. 6.—Diagrammatic arrangement of apparatus 
used in comparative tests. 


4 or 5, so that it is relatively simple to accommodate a 
tube of high f value. 

A factor not previously mentioned here is that of allow- 
ance for corrosion of the steel tubes by CO.. This is very 
much a function of temperature so that by far the biggest 
allowance is made on the superheater fin. A smaller 
allowance is permissible in the evaporator and economizer 
sections. Other factors influencing choice of finned tube, 
but not considered here, are cost per foot of tube, quantity 
in manufacture, surface roughness, reliability, etc. 

The final assessment of performance of a finned tube is, 
of course, the effect this particular tube has on the design 
of the complete steam-raising unit both in capital and 
running costs. The most significant single factor becomes 
not so much H, the heat transferred per hour, per foot of 
tube per °F temperature difference, but the cost per foot 
divided by H, i.e., the tube cost per B.t.u. transferred per 
hour per °F. 
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Table 2. Comparison of Some Tube Characteristics 


(Air flow =15,000 Ib/h, ft? : 


air density = 0.0767 Ib/ft°) 

















Heat transfer Ratio: 
Number of vel- Heat transfer 

pee§ hy poe ft - ocity heads lost | Pressure drop phy ops B ayy per sq ft of — + pr —— r 

Type of wheat — number . ities diff. per row per row P coke rears frontal area — is — . 

8. . ‘ fe, fe, °F ene ~_ per ft 
-t.u./h, ft?, lept 

B.t.u./h, fc, °F dimensionless p.s.i p.s.i./fe per row (B.t.u./h, ft? °F)/(Ib/in? fe) 
1. Circular studs } in. dia. at staggered pitch 91.5 11.10 0.271 1.084 325 1,200 
2. Circular studs } in. dia. at in-line pitch 65.5 8.70 0.213 0.850 233 1,093 
3. Elliptic studs at staggered pitch 67.0 2.70 0.066 0.264 238 3,610 
4. a — = in-line pitch oe at oo oon a 3,320 
5. Annular low fin .. = a a <a A : I ; 2,880 
6. Annular high fin .. “ - ne aa 62.0 2.05 0.050 0.267 238 4,760 
7. Spirally wound low fin .. an ve 84.0 3.18 0.078 0.415 322 4,130 
8. Spirally wound high fin .. aie 94.0 3.60 0.088 0.352 361 4,100 
9. Plain tube with 2 longitudinal fins 22.0 0.92 0.023 0.135 84.5 3,670 
Plain tube es <a aa 13.0 0.82 0.020 0.080 50.0 2,500 
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WINDSCALE— 


The Committee’s Report 


As is generally known, the cause of the accident at Windscale on October 10 was the 
application of an excessive amount of nuclear heating during a release of Wigner energy, 
which caused an exceptional rise in temperature, leading to can failure, uranium oxidation 
and, finally a fire. Among the fission products released a certain amount of iodine-131 


passed through the stack filters in gaseous form. 


The following is a brief summary of Cmd. 302, ‘* Accident at Windscale No. 1 Pile on 


10 October, 1957,” published by H.M. Stationery Office, price 1s. 3d. 


EFORE considering the Report, a brief background descrip- 
tion of Windscale may help to get a clearer mental picture 
of the events leading up to the trouble. 

The Windscale piles, about which little has hitherto been 
published, were built for plutonium production and are air- 
blast cooled, the exhaust being via 400 ft chimney stacks 
surmounted by filters. 

The core consists of an eight-sided stack of graphite bricks 
50 ft high, 50 ft wide and 25 ft thick. The fuel channels are 
horizontal along the 25 ft dimension and the control rods are 
horizontal along the 50 ft dimension, i.e., at right angles to 
the fuel channels, there being 12 rods on each side of the core. 
The safety or shut-off rods drop vertically into the core. 

The biological shield is about 8 ft thick, composed of 
concrete with a steel lining. On the front face of the core, 
the shield is divided, and it is possible to obtain access to the 










Cross section 

of pile (scan- 

ner sear not 
shown). 







GRAPHITE 
CORE 





C OL 
ROOM 


SLUG STORE 


“AAIR 
= PANALYSERS 






space in between the two shields when the pile is shut down. 
Inside this space is the charge hoist on which the fuel elements 
are raised to the level of the appropriate channels into which 
they are pushed. This action pushes out irradiated elements 
at the rear or discharge face of the pile; these irradiated 
elements fall into skips on trucks in a water duct which is 
connected with the cooling pond by a shielded tunnel. 

It is in this discharge void that the scanner gear referred to 
in the report is located. Behind this void there is another in 
which is situated air analyser equipment which works, in 
conjunction with a turbo-exhauster, independently of the 
scanner gear. 

The main blowers are contained in fan houses on each side 
of the main building. Fans are of the centrifugal type driven 
by 2400/3000 h.p. motors, and the air from these passes through 
ducts to the bottom of the charge face. Here cascade deflectors 
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pass it upwards across the charge face and it then flows through 
the channels, emerging at the discharge face into twin outlet 
ducts leading to the base of the stack. 

The stack top is provided with a large gallery containing 
woven glass filters capable of removing virtually the whole of 
any solid matter in the air stream. No filter, however, can be 
expected to remove gaseous matter, and it was in that form 
that the 15! passed through the filter. 


(Right) Charge face and charging machine. 


(Below) Fuel element store. 
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THE REPORT 


Time-table of Events 


Monday, October 7 

01.13. No. 1 pile shut down and blowers switched off, all 
necessary steps being taken to ensure that the pile was 
compietely shut down. Thermocouples checked. 

19.25. Pile made divergent for Wigner release, nuclear 
heating being stopped early the following morning. Some 
hours later, graphite temperatures appeared to be dropping 
instead of rising. 

(This view is not endorsed by the Committee who point out 
that one or two showed dropping temperatures but that a 
substantial number showed steady increases.) However, it was 
decided to boost the release with a second nuclear heating. 


Tuesday, October 8 


11.05. Pile diverged for second heating. Thermocouples in 
U showed a temperature increase lasting for about 15 min 
after divergence. 

(The Committee studied the records and decided that the 
maximum rate of rise was several times greater than that 
permitted in operation, although the maximum temperature 
recorded did not exceed maximum normal operating 
temperature.) 

The rapid rate of temperature rise was observed and control 
rods run in to reduce power. 

(The Committee is of the opinion that the damage had 
already been done, and one or more elements in the lower front 
part of the pile had failed.) 

Two deficiencies of instrumentation played a contributory 
part. The U thermocouples were located in regions where 
maximum temperatures occurred during normal working but 
not during Wigner release. The pile power meter, while correct 
for normal operation, read low in the situation. 


Wednesday, October 9 


Temperatures continued to rise, one region in particular 
rising steadily. 


(The Committee considered that the uranium exposed by the 
can failure oxidized and commenced to smoulder, gradually 
leading to the failure of other elements and combustion of 
graphite.) 

21.00. Chimney base and inspection holes shut to draw a 
little cooling air through. 

22.00. Temperature rise considered excessive. 

22.15. Fan dampers opened for 15 min. 


Thursday, October 10 

00.01. Fan dampers opened for 10 min. 

02.15. Fan dampers opened for 13 min. 

05.10. Fan dampers opened for 30 min. 

05.40. Activity meter at top of stack showed sharp increase, 
which was regarded as a normal consequence of air movement 
through the pile. Readings subsequently fell. 

08.10. Stack meter showed steady increase in readings. 

Graphite temperatures continued to rise. 

12.10. Dampers opened for 15 min. 

13.40. Dampers opened for 5 min. 

At both these openings, the stack meter showed a sharp 
increase, and shortly after noon high activity was reported on 
the roof of the Meteorological station. 

This was taken as an indication of burst slugs. 

13.45. Shut-down fans switched on as a preliminary to 
using scanning gear. 

14.30. Turbo exhauster switched on to scan for burst slugs. 
Scanning gear found to be jammed. (The Pile Manager stated 
that at the end of previous Wigner releases the gear could not 
be moved due to overheating. Maintenance Section had moved 
it on previous day.) 

Alternative methods of air sampling showed high readings. 
The Pile Manager informed the Works General Manager that 
a bad burst had occurred, and orders were given to identify 
and discharge the channel. 
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A charge plug was removed to inspect the channel showing 
the highest temperature, and the elements were seen to be red 
hot. Only partial success was achieved in clearing channels due 
to distortion. Channels adjacent to the red hot ones were 
discharged to create a fire break, which contained the area 
of the fire for some hours but did not reduce the temperature 
of the affected area—some 150 channels. CO, brought from 
Calder proved ineffective. 


Friday, October 11 


00.00 (approx.). Chief Constable of Cumberland warned of 
the possibility of an emergency. Workers warned to stay 
indoors and wear face masks. A decision was made to use 
water if all other measures failed. 

03.44. Water hoses at 15 min notice. 

07.00. Decided to use water but the operation was delayed 
while the shift in the rest of the factory changed over and 
the new shift could be got under cover. 

08.55. Water turned on and continued for 24 hours until 
pile cold. 

The Committee’s Findings 


The opinion of the Committee is that the second nuclear 
heating caused the failure of one or more fuel elements which 
smouldered and caused the fire. This opinion is based on 
the following:— 

1. Calculation, from temperature-time records and known 
heat sources, heat flow rates, etc., of maximum temperatures 
and rate of rise of fuel element temperatures. 

2. Behaviour of fuel elements in experimental furnaces. 

3. Operational data on the failure of fuel elements in the 
pile and the variation in failure rate with the irradiation 
time. 

4. Examination of all records to ensure that it was 
possible for the failure to have occurred as stated without 
any indication being given on the instrument readings. 

5. Detailed study of fuel cans containing lithium mag- 
nesium alloy. 

6. Examination of specimens which had been in the pile 
for irradiation at the time. 

7. Confirmation that there were no experiments in the 
vertical channels that could have caused the trouble. 


Protective Measures 
Thursday, October 10 


14.00. A 3-hour air sample outside Health Physics building 
gave a count of 3,000 8 d.p.m./m%, normal being 200-300. 

14.15. Half-hourly air sampling commenced at 10-15 loca- 
tions all over the site. 

15.00. Survey van sent out to make district surveys mostly 
of gamma activity in the downwind direction, i.e., towards 
Seascale. 

17.00. Second van sent out to North of the establishment. 
Both vans maintained continuous patrol throughout the night 
and next day. 


Friday, October 11 

01.33. Workers in Windscale instructed to stay indoors and 
wear face masks, due to rising air counts. 

02.30. Reduction in activity caused previous instruction to 
be relaxed to having masks at the ready. 

The highest air contamination during the morning of 
October 11 was around the chemical plants and the Calder 
site. The level of air contamination rose from about 2 on 
October 10 to 5-10 with a few exceptional peaks as high as 
150. (Lifetime exposure =1.) 

12.00. Air contamination down to 1-2, a value not sub- 
sequently exceeded. Most of the readings were about 0.25. 


Saturday, October 12 


15.00. Analysis of Seascale morning milk showed Iodine-131 
content of 0.8 yc/litre. Health Physics Manager advised 
Works General Manager that distribution of milk from farms 
in immediate vicinity should be stopped. 

(No tolerance level for radioactive iodine in milk had been 
established but a level of 0.39 pcllitre had been previously 
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| at 8Y 
Scanner gear operating mechanism over top of pile. 


suggested as the level beyond which the milk would be 
hazardous for infants. Several hours of consultation between 


medical and health physics experts followed, to establish a 
tolerance.) 


21.00. Tolerance established (based on probable absorption 
into thyroid glands of young children) of 0.1 yc/litre. Arrange- 
ments made locally with police and Milk Marketing Board 
to stop deliveries from 12 producers within 2-mile radius. 

Throughout Sunday and Monday milk samples collected at 
increasing distances from Windscale and restricted area 
widened according to the analyses. 


(The area eventually covered a coastal strip 30 miles long, 
10 miles broad at the South and six miles in the North.) 

Samples were also taken around the Lancashire coast, the 
N. Wales coast, the Isle of Man, in Yorkshire, and the South 
of Scotland without any necessity to extend the boundaries. 

Other possible sources of ingestion hazard were examined, 
including vegetables, eggs, meat, and water supplies. A thyroid 
iodine survey has been made among local inhabitants around 
the works. Measurements have also been made establishing 


that there was no danger from strontium-89 or 90, nor from 
caesium. 


Safety measures taken for the Windscale Staff 


In addition to standard precautions such as special clothing 
and personal dosimeters, etc., for the workers on the charge 
hoist, special arrangements were made for rapid monitoring 
of all personnel involved. 


The maximum exposure allowable is now 3.0 r per 13-week 
period. Only 14 workers exceeded this, the highest recorded 
figure being 4.66 r. During the accident itself, according to 
quartz fibre electrometer readings, two workers received 4.5 r, 
one 3.3 r and there were four others in excess of 2 r. Standard 
procedure was followed, i.e., relieving them of work involving 
radiation exposure. 


A thyroid iodine survey has been taken, in addition to 
surveys for strontium-89 and 90. 
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December, 1957 NUCLEAR ENGINEERING 


PLUTO 


Harwell’s 
High-flux 


Second 


Reactor 


pPLuro, which went critical at 7.50 p.m. on Friday, 

October 25, is the second of Britain’s three high-flux 
testing reactors. The first, DIDO, was officially opened on 
November 21, 1956, and DMTR is in an advanced stage of 
construction. 

All three are intended for high intensity irradiation, with 
a maximum thermal neutron flux of approximately 10"! 
n/cm?-sec, and all utilize highly enriched uranium fuel 
and are moderated with heavy water. It is not correct to 
say that PLUTO and DMTR are identical with DIDO, but 
their general design and construction are similar—the main 
differences being in the arrangements for experimental 
facilities. Both PLUTO and DMTR have fewer and 
larger experimental facilities. They differ considerably, 
too, in general external appearance, since DIDO’S bio- 
logical shield is a ten-sided prism, while PLUTO and 
DMTR are cubical structures, as can be seen in the 
accompanying illustration of a cut-away model. 

The core of PLUTO consists of a lattice of 26 elements 
arranged in rows of 4-6-6-6-4, whereas DIDO utilized 25 
elements, the middle row containing 5 elements. Each 
of the fuel elements is made up of 10 curved plates, of 
uranium-aluminium alloy clad in aluminium, with end 
fittings for forced circulation of the heavy water. 

Control is by 7 “ signal arm ” control plates of cadmium 
sheathed with stainless steel. These signal arms are used 
for coarse control. Fine control is provided by a Vernier 
rod moving vertically. There are also two scram rods 
which move vertically for emergency use. A considerable 
amount of reactivity is also controlled by the layer of heavy 
water above the core which acts as a reflector. This upper 
layer can be rapidly run off into a separate tank by a rapid- 
acting dump valve. 

The reactor is enclosed in an aluminium tank 6 ft 7 in. 
in diameter around which is a graphite reflector with a 
radial thickness of 24 in. Enclosing all this is a double- 
skinned steel tank, the 4 in. space between the two skins 
being filled with lead with a cast-in cooling coil. Around 
this is the concrete biological shield. 

Circulation of the heavy water is by glandless pumps 
through heavy water-light water heat exchangers, the light 
water secondary coolant being pumped through cooling 
towers of the mechanical draught pattern. Standby pumps 
are provided on both heavy and light water circuits. The 
heat output of the reactor is some 10 MW. The entire 
reactor system Operates in an inert atmosphere of helium. 
The helium system incorporates a gasholder and a number 
of blowers, for operational flexibility. Dryer and absorber 
units are provided to remove impurities and moisture, and 
a catalytic recombination unit recombines the deuterium 
and oxygen resulting from the dissociation of heavy water. 
Helium is also used as a cooling medium in the flask unit 
provided for removal and replacement of fuel elements, 
which has a built-in blower and air-blast heat exchanger. 










Enclosure 


The building in which the reactor is situated is designed 
as a pressure shell approximately 70 ft diameter and 70 ft 
high, of steel plate of thickness varying from +: in. to 
+ in. with a Fibreglass insulating lining covered with 
polythene. Pressure is normally kept slightly below 
atmospheric to ensure that any leak occurs inwards. There 
is an extensive ventilation and air-conditioning plant which 
enables incoming air to be either dried or humidified, 
heated or cooled, as desired. Inlet air is blown through 
louvres high up, but extract air is taken from several 
locations to avoid pockets of dead air. Outlet air is filtered. 

Ventilation is automatically shut off on the occurrence 
of a scram shut-down, and the entire air content of the 
building can be recirculated and washed in a gas scrubber. 


Experimental Facilities 

PLUTO is intended for the irradiation of large loops 
and the production of Co™ at high activity levels and the 
design of the experimental facilities has been to that end. 


Cut-away model of reactor showing the heavy water heat 
exchanger and pump room on the lower floor. 








There are four main horizontal facilities each 7 in. dia., 
passing right through the D.,O close to the core, these 
having return tubes located some distance beneath them, 
to accommodate the return side of a continuous loop. 
There are four vertical facilities 7 in. dia., and four of 4 in. 
dia., located in the D,O, as well as six 4 in. vertical facilities 
in the graphite reflector. The number of facilities, 18 
in all, emphasizes the difference between this reactor and 
DIDO, which had 39, excluding the thermal column. 
PLUTO, like DIDO, was designed by an A.E.R.E. team 


NUCLEAR ENGINEERING December, 1957 


(Left) Cool- 
ing towers. 





(Right) Close- 
up of cut- 
away model 
showing core. 

















in association with the Ministry of Works and Head 
Wrightson Processes Ltd. Other suppliers, both main 
contractors and sub-contractors to Head Wrightson 
Processes Ltd., are listed below. 


List of Contractors 


Main Contractors to Ministry of Works 


ANDREW MACHINE CONSTRUCTION CO. LTD., 52 Grosvenor Gardens, 
London, S.W.1 
Ventilation equipment. 

BRUSH ELECTRICAL ENGINEERING CO. LTD., Loughborough, Leics. 
Electrical continuity sets. 

W. E. CHIVERS AND SONS LTD., Devizes, Wilts. 
Civil works. 

MATTHEW HALL AND CO. LTD., 26 Dorset Square, London, N.W.1 
Mechanical plant. 

HEAD WRIGHTSON PROCESSES LTD., 24 Baltic Street, London, E.C.1 
Cooling towers. 

READ AND PARTNERS LTD., 28-32 Hatfields, Stamford Street, London, 
.E.1 
Electrical installation. 

J. STONE AND CO. (CHARLTON) LTD., Woolwich Road, Chariton, 
London, S.E.7 
Air-lock doors. 

WHARTON CRANE AND HOIST CO. LTD., Reddish, Stockport 
25-ton circular-motion crane. 

WHESSOE LTD., 25 Victoria Street, London, S.W.1 
Airtight building. 


Sub-contractors to Head Wrightson Processes Ltd. 


A.P.V. CO. LTD., Manor Royal, Crawley, Sussex 
Aluminium reactor vessel. 

ASHMORE, BENSON, PEASE AND CO., Parkfield Works, Stockton-on-Tees 
Gasholders. 

B.K.L. ALLOYS LTD., Birmingham Factory Centre, King’s Norton, 
Birmingham 
Fabrication of stainless-steel piping and fittings. 

BAKER PLATINUM LTD., 52 High Holborn, London, W.C.1 
Helium recombination unit. 

BRITISH OXYGEN ENGINEERING LTD., Angel Road, Upper Edmonton, 
London, N.18 
Helium drier and absorber. 

BROOK MOTORS LTD., Empress Works, Huddersfield 
Electric motors. 

ROBERT CORT AND SONS LTD., Reading, Berks. 
Ventilation valves. 

EKCO ELECTRONICS LTD., Southend-on-Sea. 
Nuclear instrumentation. 

aii AND VIGNOLES LTD., Acton Lane Works, Chiswick, London, 
Instruments. 

THOMAS FIRTH AND JOHN BROWN LTD., Atlas Works, Sheffield, 4 
Reactor top plate. 

FOXBORO-YOXALL LTD., Lombard Road, Merton, London, S.W.19 
Instruments. 

W. J. FRASER AND CO. LTD., Harold Hill, Romford, Essex 
Stainless-clad mild-steel expansion vessel. 

M. AND W. GRAZEBROOK LTD., Netherton Iron Works, Dudley 
Reactor steel tank and support ring. 

GWYNNES PUMPS LTD., 62/64 Chancellor’s Road, London, W.6 
Main C.W. pumps. 

HAWKER SIDDELEY NUCLEAR POWER LTD., 18 St. James’s Square, 
London, S.W.1 

Boral shielding. 


HAYWARD TYLER AND CO. LTD., Crawley Green Road, Luton, Beds. 
Main heavy-water circulating pumps. 

HEAD WRIGHTSON AND CO. LTD., Teesdale Ironworks, Thornaby-on-Tees 
Erection; heavy-water coolers. 

H. M. HOBSON LTD., Fordhouses, Wolverhampton 
Control mechanism. 

HONEYWELL-BROWN LTD., Wadsworth Road, Perivale, Middx. 
Instruments. 

R. HUTCHEON, DUTHIE AND SON LTD., 18 David Road, Poyle Trading 
Estate, Colnbrook, Bucks. 
Instrument panels and instrument installations. 

HYDRAULIC AND MECHANICAL DEVELOPMENTS LTD., 116 Victoria 
Street, London, S.W.1 
Auxiliary heavy-water pumps. 

ISOTOPE DEVELOPMENTS LTD., Beenham Grange, Aldermaston Wharf, 
nr. Reading, Berks. 
Instruments. 

ROBERT JENKINS AND CO. LTD., Ivanhoe Works, Rotherham, Yorks. 
Shielded handling flasks for active equipment. 

GEORGE KENT LTD., Luton, Beds. 
Instruments. 

LANG BRIDGE LTD., Spring Hill Works, Accrington, Lancs. 
Shield plugs and heads for experimental facilities. 

LANGLEY ALLOYS LTD., Langley, Slough, Bucks. 
Stainless steel heads for experimental facilities. 

LIGHTFOOT REFRIGERATION CO. LTD., Abbeydale Road, Wembley. 
Middlesex 
Refrigeration units for air conditioning. 

LONDON ALUMINIUM CO. LTD., Westwood Road, Witton, Birmingham, 6 
Aluminium experimental facility thimbles and sleeves. 

MARSTON EXCELSIOR LTD., Fordhouses, Wolverhampton 
Fuel element fabrication. 

METAL PROPELLERS LTD., 74 Purley Way, Croydon, Surrey 
Heavy-water vessels. 

MONO PUMPS LTD., Mono House, 1 Sekforde Street, London, E.C.1 
Fine-control-rod cooling pump. 

MOTHERWELL FOUNDRY CO. LTD., Range Road, Motherwell, Lanark 
Shielded doors and frames, with drives. 

NORTHEY ROTARY COMPRESSORS LTD., Alder Road, Parkstone, Dorset 
Helium blowers. 

SAMUEL OSBORN AND CO. LTD., Clyde Steel Works, Sheffield 
Fabrication of stainless-steel piping and fittings. 

HENRY W. PEABODY (INDUSTRIAL) LTD., 17 Gt. Suffolk Street, London, 
S.E.1 
Gas scrubbers. 

PERMUTIT CO. LTD., Permutit House, Gunnersbury Avenue, London, W.4 
Cooling-water treatment plant. 

RHODES, BRYDON AND YOUATT LTD., Waterloo Engineering Works, 
Gorsey Mount Street, Stockport 
Experimental cooling pumps. 

SAVAGE AND PARSONS LTD., Otters Pool, Watford By Pass, Herts. 
Fuel element plugs. 

JOHN THOMPSON LTD., Ettingshall, Wolverhampton 
Fabrication of stainless-steel piping and fittings. 

WOODS OF COLCHESTER LTD., Braiswick Works, Colchester, Essex 
Control room ventilating fans. 

WRIGHT, ANDERSON AND CO. LTD., Gateshead, 8, Co. Durham 
Reactor structure. 

WORTHINGTON-SIMPSON LTD., Lowfield Works, Newark 

Shield cooling pump. 
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THE SHRINKING COWS OF CUMBERLAND 





ATOM PLANT MASCOT INJURED 


Pluto’s Condition “ Critical” 


HARWELL, Sunday. 
HITE-COATED atom scien- 
tists walk round today 

speaking in hushed whispers, their 
feet encased in padded shoes, so 
that no sound breaks the solemn 
silence. For their mascot Pluto, 
rare and valuable’ Enriched 


Uranium, lies in a critical con- 
dition. 

Sadly shaking his grizzled head, 
white-coated atom scientist Felix 
Bogaroff, Pluto’s closest friend, 
told our representative, in a voice 
very near to tears, ‘* Pluto was a 
(BACK page, col. 6). 





GOON’S GLOSSARY 


Air equivalent National Health 


wig. 
Amortization 

period Length of tenoncy. 
Berkeley Gloucester hotel. 
Biological half life 25. 
Competitive 

tendering In strict rotation. 


Core An_ expletive, e.g. 
Core Blimey. 
Reactor Safety 
Committee. 
Returned to 
University. 
Depleted material Declassified article. 
Enriched Gone to the States. 
Exchange reaction Credit squeeze. 


Critical assembly 
Decontaminated 


Fluidized reactor HAR. 

Flux Detergent. 
Hunterston Scottish stronghold. 
Hyperon Famous racehorse. 


Inkley Point Pron. Hankiey, Sp. 


Bridgewater. 





FARMERS’ INDIGNATION 
“My Prize Jerseys Now Mere Pullovers” 


HITE-COATED atom scien- 

tists and mud-coated farmers 
alike stand aghast as a new terror 
strikes—the Terror of the Shrink- 
ing Cows. Heavily contaminated 
with propaganda-90, an_all-too- 
common “ isotope” (to use the 
atom-scientist’s phrase), the cows 
are shrinking until even their milk 
is condensed. 

Attempts to combat this disaster 
by entering the canned milk indus- 
try have so far proved unsuccess- 
ful. ‘* We can feed the cows on 
sugar,” our representative was 
told, ‘‘ but they are absolute clots 
at soldering up the cans.” 

The deadly radioactive iodine, 


which has caused so much distress 
to newspapermen, has _ been 
responsible for another peculiar 
effect; the milk yield of some of 
the more heavily-exposed animals 
having ceased entirely and been 
replaced by pure tincture of 
iodine. ‘“ We have tried feeding 
them on shellac varnish,” said a 
weary white-coated scientist, 
** hoping they would yield Friars 
Balsam. . . . It’s a sticky business,” 


"he sighed. 


Equally emphatic was Ephraim 
Gnurgle, oldest farmer in the 
district. ‘‘ Cows have been killed 
by corks, in Cumberland, we 
(PAGE TWELVE, col. 7). 





Isotope Same _ weight—only 
different. 

Joule Super-hard bearing. 

Journal Paper bearing. 

Kilocurie Chinese doctor. 

Kinetics Film badges. 

Leak detector P.R.O. 

Lutetium One of the Borgia 
family. 

Moderator Chancellor of the 
Exchequer 

N.LR.N.S. A.E.R.E 


Paralysis time 


Photon Phalanx of protons. 
Plutonium Fuel for Pluto. 
Scaling unit Ladder. 
Shower Other members of 
consortium. 
Tandem 
Accelerator See Fuel Cycle. 
Tender Sore point. 
Ukelele Skiffle group. 
Uncertainty U.S. reactor 
principle costing system. 





FISSILE & FERTILE 


CONVERSION FACTORS 





We can supply from stock 


TANTRUM 
BOLONIUM 
MORON 
GLADIOLIUM 
LAUDANUM 
ODIUM 
IDIOM 





Prompt Gamma Service. 
All forms of Destructive Testing. 


HAVE YOU TRIED FISSILES FAST NEUTRON FLUX? 
IT’S NEU! (send s.a.e. for photon) 


GASKETS 

BASKETS 

TISKETS 

TASKETS 

GEFUFFLE VALVES 
POPACATAPETL 
URINAL SULPHATE 


Fuel Cycles Repaired. 








Plutonium Pete, Catalytic Agent 














** Wonderful head on it be blowed— 
where did we get that last delivery of 
milk from?” 


(Courtesy ‘‘ Sunday Dispatch’’) 


NEIGHBOURLY ACT 
Amongst the topics of today 
(Although it seems a trifle odd) 
One hears that in the U.S.A. 
They're going to build a graphite 


mod. 
Now, simple chaps like you and me 
Would really think they would 
confine 
(With all their talk of ‘“* Model T*) 


Their efforts to advanced design. 
They feel, of course, in duty bound 
(A duty that they will not shirk) 
To prove that Britain's losing ground 
And CALDER HALL WILL NEVER 
WORK! 


GIGA AND BETTER? 


(1 Gigawatt=1,000MW) 
The credit squeeze clamps down, and 
now we know 
Six gigawatts—put back a year or so, 
For, this chill fact no longer can be 


hid; 
‘Twill cost the thick end of a gigaquid. 





STOP PRESS 


BERKSHIRE “SLAVES” 


SCANDAL.—Amazing allegations 
of slavery made concerning large 
Government establishment near 
Didcot, reported to be purchasing 
slaves for hot and dangerous 
work. Local correspondent alleges 
each slave under control of a 
master. Slaves _ permanently 
imprisoned in concrete cells with 
only small window opening, in 
conditions unfit for human taoinsh 
unfortunately fell at first fence, 
leaving favourite easy winner 
3 lengths. “ DIAMOND'S ” 
SELECTION FOR NEWBURY 
TOMORROW PAGE 7. 


Arsenal 0, Harwell Academ. 27. 











3 MONTHS LATER 








THE NEXT DAY 
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Fission product separation plant with remote suction- 


General view of the establishment with the new reactor GOON lift control panel for mixer-settler battery. 


in the background, and cooling pond on the right. 





Health Physics and Decontamination 
department. 





Monitoring protective 
clothing. 
Reactor design team engaged in lattice 
calculations. 














Preparing to insert a hot loop 
for irradiation in DODO. 





“Nuclear Engineering’’ is indebted to Sir 
W. H. Bailey & Co., I.td., for illustrations 2, 7, 
8, and to ‘‘ The Engineer"’ for No. 10. 


Demonstration in the 


Reactor School. Woman scientific assistant operating computer. 
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Beryllium-Uranium Reactor Project (BURP) showing 
arrangement of circulating pump. 
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Technical Admin. Officer preparing 
to eat his words. 





_— =e . ~~ a - 
Pile Operator with recorde - 
charts. 








Unclear Times Editorial Staff, gathering 
Investigating Committee inspecting confidential information. 


damage to reactor. 


. . Carrying the Can... 





Some characteristic Grisley Heath activities. 


Passing the Buck... . . . Dropping the Clanger. 
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FISHWAFT 


FIssion product Super Heating WAste element 
Fuelled reacTor 


HE reactor system FISHWAFT has been specially developed 

for supplying power in remote regions. It has been designed 
to use reject elements from other reactor plant which 
immediately reduces the cost per kWh by eliminating any cost 
for fabrication or fuel element processing. The fission products 
contained within these fuel elements and the fission products 
produced in the reactor are used as a heat source for two 
purposes; first, in what is essentially a fuel preparation process 
and second, in a steam superheating system. The conventional 
water reactor is fundamentally limited in temperature and 
pressure but fission products superheating allows steam 
conditions to approach those found in the most modern 
conventional fired stations. 

Fig. 1 is a simplified flow diagram of the reactor system. 
Spent fuel elements comprising aluminium or zirconium clad 
enriched uranium alloy plates are fed into the top fuel prepara- 
tion vessel. Fission product heating maintains the unmoderated 
fuel molten and the liquor is allowed to drip through a regulator 
valve into the main reactor vessel. Molten alloy condenses 
into uniform spherical balls on entering the vessel and falls into 
the core region. Moderation is by natural water which is 
circulated under pressure through the reactor vessel by a 
variable speed pump. The flow is arranged to maintain the 
core fluidized in a critical assembly, a vortex being imposed 
by appropriate shaping of the inlet and outlet ducts. The newly 
formed fuel balls are thrown to the outside of the core whilst 
the degenerated balls of lower density diffuse to the middle. 
This serves the dual purpose of flux flattening across the core 
and uniform cycling of the fuel which in a completely depleted 
condition moves to the centre and falls into the outlet plenum. 
From this section spent material is led off to the fission products 
extraction plant, the highly active separated fission products 
being then circulated progressively through the superheater 
section, the fuel preparation vessel and a boost heater in the 
condensate return. Steam is generated in the reactor vessel 
and, after passing through a drier chamber, is fed through the 
superheater to a conventional two stage turbine. The condensate 
is returned to the reactor vessel via a regenerative feed heater 
and the boost heater. 

Extensive calculations have been made on the economics of 
this plant. The design provides for a reactor generating 30 MW 
heat operating at 33% efficiency giving 10 MW electrical 
output. Capital cost of the plant is estimated at £150/kW 
which, amortized over 20 years with an interest rate of 5% 
implies an annual capital charge uf £120,000. The initial fuel 
charge has been generously estimated at 20 kg contained U2 
which, at the “return price” of £5 per gramme requires an 
initial capital investment of £100,000. 

Burn up in the system is 100% so that fuel charges for 
Operation can be based purely on the cost of the contained 
U*5, It is probable that this is an exaggerated estimate of fuel 
cost as operators of conventional plant will probably pay to 
have old elements taken away. Table 1 gives a complete 
cost analysis of the plant and shows that the final cost per 
unit is approximately 0.9655 d/kWh. This figure compares 
very favourably with any fossil fired plants of the same capacity 
even when fuel transport costs are low. 

Table 1 
Capital Charges £ 


£14M at 5% over 20 years .. a oe ne wy 120,000 
Interest on initial charge i, is es a és Ed A 
Operation (50% load factor) ; 

Annual fuel bill (5.4 kg) a a ve re : 27,000 
Insurance, etc. .. oh op ~e : te 





Cost per kWh .. bi a6 Ry hs ee a bs 0.9655d 

Control of the plant is simple and can be confined to the 
valve between the fuel preparation vessel and reactor vessel 
and the water circulation pump. The reactor is to be offered 
immediately for sale in under-developed countries where it is 
proposed to install the plant in a pit which is then filled in 
completely, the only access being for feeding in fresh (i.e., 
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Fig. 1.—Flow scheme. 


“ spent ”’) fuel elements and for recovering the reject aluminium 
and zirconium, It should be noted that the cost calculations 
contain no credit for these by-products which should represent, 
after some years of operation, a significant form of income. 

Certain technological problems remain to be solved but these 
are awaiting the completion of the feasibility study which will 
be commenced once a firm order has been received. 





BALLADE* OF DIMINISHING OPTIMISM 


The project started—as they always do— 

As little but a critical survey, 

The neutron physics filled our field of view 

No vulgar thoughts of cost to rouse dismay; 
Then He—whose lightest word we must obey, 
Before whose countenance we stand or fall, 

Said “ Don’t forget this job must pay its way ”"— 
It must be economic, after all. 

So then we tried a simple mod. or two, 

The blatant imperfections to allay; 

With 18 carat gold we’d just make-do 

In place of gadolinium inlay; 

One other stratagem we might essay 

(Which needs what most Americans term “ gall ”) 
We'd cadge enrichment from the U.S.A. 

It would be economic, after all. 


Could we but fuel with fission residue, 
With costly O-terphenyl do away 

And moderate with creosote and glue, 

Or find cheap steel not subject to decay; 
Could we—on paper even—find a way 

Of robbing Peter to advance to Paul, 
Convincing calculations would display 

It could be economic, after all. 
L’Envoi. 

Prince! for this one boon I humbly pray 
Judge not our scheme in terms of Calder Hall; 
Although a million pounds is hardly hay, 
It might be economic, after all. 


* Critics will contend that this departs in several instances from the 
rigid conventional form and is not, therefore, a true ballade. The 
reactor design wasn't so hot either. 
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New 





WO new buildings were inaugurated at the Radio- 
chemical Centre, Amersham, on November 1, by the 
Marquis of Salisbury. The buildings comprise a radio- 
chemical laboratory and a block of offices which have 
become necessary with the increasing scope and scale of 
the radioisotope business. 

The Radiochemical Centre is the establishment in the 
United Kingdom which processes radioactive materials and 
which synthesizes labelled compounds. Raw material is 
irradiated in the piles at Harwell and Windscale and is 
then shipped in shielded containers to Amersham for 
chemical extraction and processing. Labelled compounds 
have become an important research tool in the medical and 
biochemical worlds and the demand has increased steadily 
over the past 10 years. The Centre also handles sources 
for radiography and prepares foils of strontium and 
thallium, etc., for installation in industrial equipment. 
Output on this side has increased more slowly over the 
years but there are indications that the use of radioisotope 
techniques in industry is beginning to gather momentum. 

The most important single radioisotope handled by the 
Centre is Carbon-14 which is initially prepared as labelled 
carbon dioxide from irradiated aluminium nitride specially 
purified at the Centre. Improvements in this raw material 
purification have been largely responsible for increasing the 
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(Above) General view of the laboratories with new block in 
background. (Below) South side of the new laboratory. 


Extensions at the 
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AMERSHAM 


Radiochemical Centre 





General view of isotope laboratory. 


isotopic abundance (in the CO.) to 50% as against less 
than 2% only three years ago. In the catalogue over 200 
labelled compounds are listed, of which nearly 100 have 
been added during the past three years. The annual 
quantity handled is greater than 10 curies and is believed to 
be approximately the same as in the U.S.A. 

Some hundreds of curies of iodine and phosphorus are 
processed each year and many curies of chromium. With 
these shorter-life isotopes there is, of course, a significant 
difference between the quantity processed and the quantity 
sold as the materials are handled on a production basis, 
chemical engineering techniques having replaced the flask 
and beaker of the laboratory and significant decay takes 
place both on the shelf and in transit. 

Speed of shipment has always been one of the proud 
boasts of the Centre and through the ready co-operation of 
B.E.A. and B.O.A.C. all major airports in the world can be 
served within a period of four days. Customers specify the 
activity of material required and the activity of material 
shipped is calculated to be correct on arrival at the 
customer. A comprehensive system of labelling, checking 
and numbering ensures accuracy in both compound and 
activity. Many orders from all over the world are received 
by Telex and these are immediately translated into packing 
orders and shipment orders and bookings made with 
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Rolling mill in operation, preparing industrial foils. 


appropriate airlines. Amersham is conveniently situated 
between Harwell and London Airport and air transport is 
used where possible. 

The new laboratory, which is a single-storey building of 
12,000 sq. ft has been designed for flexible operation. An 
open area with overhead services allows the rapid erection 
of glove box units and shielded containers for the prepara- 
tion of radioactive sources or for the synthesis of special 
compounds. At one end a group of hot cells is under 
construction which will allow the handling of up to 1,000 
curies of gamma emitting material such as radio-caesium. 
Three interconnected cells are under construction, shielded 
from each other by 1 ft of head shot concrete (density 


(Below) Plant for the production of multi-curie polonium- 
beryllium sources. (Right) Hot caves under construction. 
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342 lb/ft?) and on the outside by 3 ft of whinstone 
aggregate concrete (density 155 lb/ft*). Caesium is shipped 
from Windscale as a solution and is transferred into the 
end cell through small-bore stainless-steel pipes. In the 
cells it is then purified, evaporated down to a solid, ground, 
and the powder is then compacted into pellets and sealed 
into capsules. Three Savage and Parsons Master-slave 
manipulators are used to control the process. Access to 
the cells after removal of bulk active material can be 
obtained via a p.v.c. tube and suit which can be operated 
in very much the same way as the glove in a dry box and 
disposed of after completion of the operation by a similar 
transfer system to that described in Nuclear Engineering, 
September, 1957, page 383. 

A new plant has recently been installed for the prepara- 
tion of polonium-beryllium neutron sources, the demand 
for which at the present time stems largely from reactor 
research and from the well logging industry. The largest 
source listed in the catalogue which incorporates 10 curies 
of polonium (half life 138 days) emits 2.5 x 10’ n/sec. 
Such sources open up a new field in industrial chemical 
analysis as a flux of this magnitude allows radiation analysis 
of quite small quantities of the higher cross section 
materials. Quasi-continuous or even continuous systems of 
chemical analysis can now be considered without the 
embarrassment of high-energy gamma radiation as with 
antimony-beryllium sources. 

Prices for sources vary considerably depending upon the 
cross section of the parent material and the complexity of 








the extraction process, but with all types cost is bound 
to be a function of demand. The present price of caesium 
for example (£400 for a six curie capsule) would appear to 
be high in view of the isotope being a fission product and 
produced in very large quantities in the piles around the 
country but pilot plant production at Windscale has not 
long been in operation and the total capacity of the plant 
is 25,000 curies per year. The ouput from this plant for 
very large sources is already booked for a number of years 
for therapeutic purposes but it is hoped that an extraction 
unit capable of producing megacuries per year will be in 
operation in about three years’ time. The cost of this 
particular isotope would be expected then to fall very 
considerably and its use in various industrial plants for 
sterilization, polymerization and_ general irradiation 
increase markedly. 
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Another U.S. Project Under Way 


The achievement of criticality by the Organic Moderated Reactor Experiment, which 
occurred during September, tended to be overshadowed by the official opening of ETR 


described in these pages for November. 


Through the courtesy of Atomics International 


N.A.A. Inc., it is possible to give a fairly full description of the project, which is expected 
to provide a considerable amount of information on the behaviour of organic materials 


under actual working conditions. 


fees Organic Moderated Reactor Experiment has been 
specifically designed to assist in solving the problems 
inherent in organic moderation and cooling of a power 
reactor, by allowing additional information to be obtained 
on the stability and general behaviour of hydrocarbons under 
operational conditions of temperature and radiation. It is 
located at the National Reactor Testing Station in Idaho. 

The OMRE has no useful heat output, the primary 
coolant being itself air-cooled by air blast heat exchangers 
and the general arrangement can be seen from the cutaway 
drawing, the section of the vessel and the schematic 
flow diagram. 


Core 


The reactor core is cruciform in plan, arranged 
3-5-7-7-7-5-3 on a 44-in. lattice. Twenty-five spaces are 


CONTROL ROD DRIVES 


OPERATIONS BUILDING 


MELT TANK 


DRAIN TANK 
SPENT FUEL STORAGE REACTOR CORE 


General arrangement of plant. 






occupied by fuel elements, one is left for an antimony- 
beryllium neutron source and eleven spaces are left spare. 

Plate-type fuel elements are used, each consisting of 16 
fuel plates and four enclosing plates. The fuel plates them- 
selves have an active area of 36 in. X 24 in., and consist of 
a central element of fully-enriched UO, having a thickness 
of 0.02 in., with stainless-steel cladding 0.005 in. thick, 
giving a total thickness of 0.03. Spacing between the fuel 
plates is 0.134 in. and the complete unit is approximately 
2.8 in. X 2.9 in. X 37 in. long or 60 in. long over the end 
boxes. 

It was estimated that 25 elements giving a total investment 
of 20.6 kg U*® would be required to provide sufficient 
excess reactivity to compensate for fuel burn-up, tempera- 
ture effects, and xenon poisoning. Criticality was actually 
achieved in late September with 20 elements. 
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Table 1. General particulars of OMRE 





Heat output $a ot is .. 5-16 MW 

Average heat flux 99,200 B.t.u./ft?,h 
Max. heat flux ‘ B. .. 313,000 B.t.u./fr?,h 
Total U2 investment .. KS .. 20.6 kg 


No. of fuel elements .. ; .. 25 approx. 
Lattice re - we rm « om. 
Max. element temp. 
fuel me .. 824°F 
sheath .. .. 800°F 
Core dia. .. ee Ae ef .2 eon. 


Core height me ade a .. 36 in. 

Thermal neutron flux 
max. .. .. 110'*n/cm?-sec 
average » ae 

Fast max. .. sn as e as STE 

average os ee ES << re 

Control rods... a - 53: (ae 

Modera:or “se ee ind .. Diphenyl 

Opera:-ing temp... ia a .. 500-700°F 

Operating pressure <s .. 300 p.s.i.a. 





Control 


There are 12 control rods symmetrically located between 
the fuel elements, as shown in the sectional plan of the 
core. The rods are of 1}-in. steel tube, with a filling of 
compacted boron carbide powder over 36 in. of their length. 
The rods operate in pairs, each pair being attached to 
hanger rods driven through rack and pinion drives, one 
pair for continuous regulation, being fitted with a differen- 
tial gear and fast and slow motors. Scram release of the 
rods is by ball-type latches electromagnetically released; 
accelerating springs ensure fast downward travel in 
emergency. 

It should, once again, be emphasized that the main object 
of the OMRE is to conduct experiments upon the modera- 
tor, and the treatment of spent fuel elements is a secondary 
consideration. Although, upon occasion, spent fuel 
elements will be removed for surface examination in a hot 
cell, they are normally removed from the core and remain 
within the tank, racks being provided for this purpose. 


Pressure Vessel 


The pressure vessel is fabricated from alloy steel (4% Mo; 
1% Cr) and is 4 ft 6 in. internal dia., 28 ft 8 in. high, and 
1 in. thick. It was designed to the ASME code for unfired 
pressure vessels for a max. operating pressure of 400 p.s.i.a., 
its normal operating pressure being 300 p.s.i.a. 


Left: OMRE 
fuel element. 





Right : Cross- 
section of re- 
actor vessel. 








Cooling 

Primary cooling of the reactor is by circulation of the 
organic moderator and a flow of 7,200 gal/min is provided 
by two 3,600 gal/min centrifugal pumps, which have their 
sealing glands cooled by recirculation of a small stream of 
cooled fluid which is allowed to leak to waste. The normal 
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Right: View of OMRE showing heat 
exchanger. 


Below : Sectional plan of core. 
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flow rate is calculated to give a maximum velocity in the 
core of 15 ft/sec, and the pressure drop across the system 
is some 55 p.s.i. 

The secondary cooling is provided by an air blast heat 
exchanger of the finned-tube type, in two sections. This is 
cooled by two variable-pitch fans with a total air capacity 
of 1,150,000 1b/h. 

The necessary inert gas blanket over the moderator fluid 
is provided by nitrogen which is used to pressurize the 
system. A continuous purge of this nitrogen to the exhaust 
stack removes any gases formed in the moderator under 
irradiation. 

An expansion tank is used to compensate for the large 
change in volume of the coolant with variation in tempera- 
ture (some 34% between 200°F and 700°F). 

Across the main cooling system is an auxiliary coolant 
loop for use when the reactor is shut down and the main 
system is not operating. This has a capacity of 100 kW of 
heat and circulates 16 gal/min through a water-spray heat 
exchanger. 


NITROGEN 
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Purification of the moderator is carried out by bleeding 
a small amount from the system, purifying it by low- 
pressure distillation, and returning it to the main system 
with additional make-up fluid, the “ high-boilers ” resulting 
from radiation damage being rejected to waste. It has been 
estimated that to maintain these fluids at 30% concentra- 
tion, 1.5% (80 gal) of the total hydrocarbon content of 
the system must be processed each day. 

Also connected across the system is the by-pass heater 
loop, which provides information on the change in heat 
transfer properties of the organic fluid during operation. 
An electric heater and instrumentation for flow and 
temperature allows a continuous record of any change in 
heat transfer behaviour of the liquid. 

Since most organic moderators are solid at room tempera- 
ture, it is necessary for all components to be provided with 
pre-heating equipment, not only for use in the original 
commissioning, but also in cases of extended shut-down. 
On the vessels and piping, induction heating is used for this 
purpose. Valves and pumps have heating cable tracers, 
and the heat exchanger is provided with an oil burner. 

Except for the reactor vessel which, as previously 
noted, is of alloy steel, carbon steel is used for all parts of 
the system. 
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Lowering the pressure vessel into position. 


Temperature Control 


The three main parameters which are controlled during 
operation are the coolant flow, the reactor inlet temperature 
and the maximum fuel element temperature at the surface 
of the plate. 

The flow rate of the coolant is controlled by two 10-in. 
valves located between the pumps and the heat exchangers. 
Normally full open, they will be used for low-velocity tests. 

The reactor inlet temperature is varied by controlling the 
outlet temperature from the heat exchanger. This is 
achieved by varying the pitch of the fans, although addi- 
tional manual control can be arranged by adjustment of the 
louvres of the heat exchanger. 

Fuel-element temperatures present another problem; it 
is not practicable to measure more than a certain number 
of positions, and the central element, and three elements in 
the position of highest flux in one quadrant of the core 
were chosen, together with one element in each of the other 
three core quadrants, to check flux symmetry; a total of 
seven elements in all. The hottest plate (i.e. the active plate 
closest to the moderator gap and furthest from a control 
rod) in each element has been fitted with three thermo- 
couples on the surface of the plate, and two for the adjacent 
coolant channel. 

Control is effected by the hottest one of any of these 
thermocouples, and is applied to the flux level controller 
operating the regulating rod. 

Shut-down occurs with any of the following conditions: 

1. Reactor period less than 5 sec. 

2. Excess power level. 

3. Core temperature more than 10°F above preset level. 
4. Coolant flow dropping below 90% normal. 

5. Pressure less than 275 or greater than 400 p.s.i.a. 

6. Low liquid level in reactor. 

7. Power loss to coolant pumps or heat exchanger fans. 
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Below: The vacuum still in the purification plant, showing 
heating circuits. 


Table 2. Physical properties of Polyphenyls 
(O=Diphenyl ; O=ortho-Terphenyl ; M=meta-Terphenyl ; P=para-Terpheny!) 








D ° M P 
Melting point °F .. ay Be 157 135 189 416 
Boiling point °F. aS ae 492 630 689 709 
Vapour pressure p.s.i.a. 
at 500°F .. me te ie 16 3 1 1 
oor an < Ss 110 27 16 12 
a aR Re rT 400 132 rid 60 























Thermal conductivity approximately 0.06—0.08 B.t.u./sq.ft-h-°F 


Table 3. Radiation Damage Rates (Gas and Polymer Formation) for 








Polyphenyls 

Gas Polymer 
Molecules formed 0.003— 0.03— 
per 100 eV absorbed .. ae Bs a 0.010 0.10 
Gram-molecules formed 0.¢27— 0.27— 
per kWD absorbed .. oe ae EN 0.090 0.90 
Decomposition products 600— 120— 
per kWD absorbed es 2000 c.c. 140 g* 
Decomposition products 
per MWD of reactor operation... a 1.5-5 cu. fe 19-63 Ib* 
(based on 7% energy absorption in 

hydrocarbon) 

















* Based on a molecular weight of 458 (Hexaphenyl) 


Table 4. Operating Data 








Inlet temp., °F 500 700 
Flux ratio 3.15 2.79 
(peak/average) 
i ie re rr oe 0 30 0 30 
Viscosity ratio ., a 1 1.38 1 1.29 
Outlet temp., °F aa 530 527 712 711 
Average heat flux 
B.t.u./fe?/h 101,000 82,000 37,000 35,000 
Max. heat flux .. Fee 389,000 318,000 127,000 118,000 
Average thermal neutron 
flux in fuel n/em?-sec | 2.6x10" | 2.110" 9.6x 10"? 9.0 x 10"? 
Max. thermal neutron 
flux in fuel n/em?-sec | 8.210"? 6.7 x10" 2.7 x10" 2.5x10" 
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The main circulating pumps and piping, showing heating 
circuits. 


Moderator 

OMRE is expected to provide a considerable amount of 
information which cannot be obtained from capsule irradia- 
tion or in-pile loop experiments; the most important being 
the rate of decomposition or damage; the effect of this 
damage on the operation of the reactor, and the require- 
ments for successful operation in spite of this damage. 

Preliminary tests have indicated that the polyphenyls 
offer the most promising field, their physical properties 
being as shown in Table 2. The density is slightly lower 
than that of water, their viscosity somewhat higher than 
that of water, at the same temperatures. The specific heat 
is approximately 0.6 of that of water. 

High temperature irradiation of polyphenyls results in 
the formation of multi-ring high boiling point compounds, 
with simultaneous release of gases, mainly hydrogen and 
small amounts of light hydrocarbons. Experimental 
results of gas and polymer formation at 750°F and the 
calculated values for a power reactor are given in Table 3. 

Performance of the OMRE had been calculated for 
diphenyl with a maximum fuel element temperature of 
800°F and “tar” (high-boiling polymers) of 0 and 30% 
which are expected to represent the initial and steady-state 
operation. These results are shown in Table 4, and 
represent, of course, conditions that would be reached 
towards the end of the experiment. 

It was originally planned to operate the reactor on 
diphenyl on account of its low cost, commercial availability, 
and low melting point. The moderator actually selected, 
however, was a mixture commonly known by its trade 
name of Santowax O.M., consisting of a mixture of ortho- 
and meta-terphenyl, with small amounts of diphenyl and 
para-terphenyl, with the consistency of thick slurry, almost 
solid at room temperature, but completely liquid slightly 
below 200°F. 


Commissioning 

A paper read before the Atomic Industrial Forum on 
October 28 by Charles Trilling of Atomics International 
describes the commissioning of the reactor, including pre- 
operational testing. 

To avoid water in any part of the system, kerosene was 
used for hydrostatic testing of the system, and for the pre- 
liminary clean-up. Kerosene being liquid at room 


temperatures enabled preliminary circulation tests to be 
carried out without any necessity for preheating, or danger 
of “ freezing ” as might have been the case with the working 
moderator. 





Heating circuits on bottom of pressure vessel. 


The kerosene was continuously circulated through the 
normal operational filter and through a second filter added 
for clean-up purposes. Considerable amounts of rust and 
welding slag were, it is stated, collected, the amounts 
increasing with temperature, as circulation was carried out 
up to 350°F, with pressures of 300 p.s.i. and flow rates up 
to 8000 gal/min. Kerosene circulation tests lasted from 
May 9 to July 8. 


Terphenyl circulation tests were carried out from July 
18 to September 2. The original filling was pumped into 
the system (after previous melting and storage in the drain 
tank) via the make-up pump which has a capacity of 
1 gal/min—satisfactory in normal operation but requiring 
4 days for the initial filling. Later fillings after draining 
were carried out pneumatically. 

Terphenyl circulation tests were carried out with a 
temperature up to 5S00°F by the use of the oil burners in 
the heat exchanger. Leaks discovered at the flanged joints 
were cured by the substitution of soft iron gaskets for the 
original metal-asbestos spirally wound gaskets. 

Some difficulty was encountered with the pre-heating 
circuits in obtaining uniform heating, since the various 
parts of the system presented very different heat capacities 
and the number of induction heating circuits had been kept 
below the ideal number in order to keep within reasonable 
bounds. These problems were solved with some rearrange- 
ment of heating circuits and the addition of resistance 
heaters on some of the smaller valves. 

Testing of the control rods and fuel element handling 
trials had been carried out during the circulation tests. 
The total safety rod drop time from initiation of 
the scram signal to the seating of the rods at the bottom 
of the core was of the order of 0.5 sec. 

Mention has already been made of the storage of fuel 
elements above the core level, and some difficulty was 
anticipated in loading and unloading with a long hand 
tool since terphenyl appears completely opaque at 
the depth in question. The problem was solved by the 
use of a rotating platform on the top flange of the vessel 
with a guide indexed radially and peripherally for all lattice 
positions. A handling tool 20 ft in length can be indexed 
with sufficient accuracy to obtain satisfactory operation. 

Notwithstanding an initial hitch, due to a failure of a 
deflector skirt necessitating complete unloading and partial 
dismantling after criticality had been achieved, the reactor 
was back in service within eleven days. It is expected to 
be on full power within two months. 
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Continuous 


Glass 


Production 


HE ability to produce nuclear glass, 

i.e. high-lead glass for radiation- 
absorbing purposes, in sizes hitherto 
impossible with traditional methods, will 
be one of the most interesting features 
from the nuclear engineer’s viewpoint, 
of the new Chance-Pilkington optical 
glassworks at St. Asaphs, Flint. 

Officially opened on November 8 by 
Mr. A. J. Philpot, C.B.E., M.A., B.Sc., 
F.Inst.P., former director of research at 
the British Scientific Instrument Research 
Association, the factory is at present 
producing large quantities of glass blanks 
for ophthalmic lenses. The optical and 
radiation shielding glass unit is expected 
to go into production before the end of 
the year. 

Several factors contributed to the 
choice of the North Wales countryside 
for the location of a new glassworks. 
The site chosen has the advantage of 
ample supplies of gas, from the North 
Wales gas grid, adequate supplies of 
electricity, a sufficient amount of labour 
available locally and, last but not least, 
an exceedingly pure atmosphere; freedom 
from dust being an important factor in 
the production of optical glass. 

In appearance the new works is totally 
unlike a traditional glassworks and, at 
first glance, might be taken for a modern 
school. Inside, the absence of heat and 
the phenomenal cleanliness are also at 
variance with tradition. 

Pot melting has, of course, been the 
method used for optical glass. The new 
factory operates a continuous melting 
process under licence from Corning in 
the U.S. Utilizing combined gas and 
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Furnace control room. 


electrical melting, the process produces 
no smoke or unburnt gases—in fact 
Chance-Pilkington were able to give 
guarantees that the new works would 
cause no atmospheric pollution whatever, 
and there is no conventional chimney. 

By careful attention to the elimination 
of airborne dust, and by cleanliness and 
accuracy in the weighing and mixing of 
materials, with strict control over their 
purity, combined with the thorough 
mixing and stirring obtainable in the new 
furnace tanks, added to rigid control of 
temperatures throughout the process, 
glass of an unusually high quality can 
be produced on a continuous basis. 

The factory is of single-storey construc- 
tion, there being a mezzanine floor over 
a part of the building which carries the 
furnace tanks and their control equip- 
ment. Materials are batch weighed and 
recorded on the mixing floor, then carried 
by conveyor to a rotary mixer, from 
which they are fed to the tanks. 

The tank outlets are located below the 
mezzanine floor, a continuous stream of 
molten glass issuing into the rotating- 
table presses equipped with a number of 
working stations. The first operation is 
the shearing-off of a “ gob” of molten 
glass from the main stream, this then 
passes to pressing and flame-smoothing 
stations after which it is cooled sufficiently 
to ensure solidity, pushed off on to a 


Batch weighing™bay and_mixing™mill. 











moving belt and travels on to the anneal- 
ing lehr. Continuous sampling takes 
place from the hot end of the lehr, 
samples being removed, rapidly cooled 
and checked for weight, thickness, etc., 
so that any departure from specification 
can be corrected in good time. 

Since the entire pressing operation 
works on a time cycle, any change in the 
viscosity of the glass would lead to con- 
siderable variation in the weight of the 
gob cut off by the shears. Temperature 
control is, therefore, of paramount 
importance, and an elaborate system of 


temperature recorders and control is 
provided for each tank. 
There will shortly be three tanks 


in operation and the total yearly produc- 
tion of the factory is expected to be the 
equivalent of some 60 million blanks. 
The third tank will, however, be engaged 
On true optical (as opposed to ophthal- 
mic) glass, and it is this unit which will be 
used for the high-lead radiation shielding 
glass. 

Some of the problems of producing this 
type of glass have already been dealt with 
in a previous article (Nuclear Engineering, 
August, 1957, p. 333). In general the 
limitations have been either in the size 
of piece which can be produced or in 
the density of the glass. Thus rolled glass 
which can be produced up to 28 mm 
thick in large sheets is limited as to its 
density. The denser glasses attack fire- 
clay pots and can only be melted using 
precious metals and alloys, so that the 
size of piece that could be produced was 
obviously limited by economies. 

The advent of continuous production 
of glass of high density in an adequately 
stirred condition free from bubbles or 
strie will obviously remove previous 
limitations such as the 6 in. square blocks 
that were the normal maxima with high- 
lead glasses, and it is stated that blocks 
will now be produced of the order of 
4 ft square up to 10 in. thick, containing 
approximately one ton of glass, and 
annealing lehrs have been installed to 
deal with blocks of this size. The 
maximum density envisaged is approxi- 
mately 6.1 g/cc, although this is con- 
sidered an extremely expensive form and 
the more usual density will be 4.3 g/cc. 
The lead equivalents of these densities 
using a Co source are approximately 
0.54 and 0.38 respectively. 
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WIGNER 


HE Windscale accident has given 

prominence to the phenomenon 
termed Wigner growth whereby, under 
prolonged irradiation, graphite changes 
shape and stores energy. The mechanism 
can be simply described as the displace- 
ment of recoil atoms into the interplanar 
regions, resulting in a geometric distor- 
tion of the lattice and a consequent 
storage of energy. 

Graphite manufactured from extruded 
material is anisotropic and, under irradia- 
tion, growth is predominant in the plane 
perpendicular to the direction of extru- 
sion. In the direction of extrusion 
growth is relatively small. The magni- 
tude of the growth is a function of the 
amount and type of irradiation and of 
the ambient temperature; the higher the 
temperature, the less the growth, as some 
annealing takes place continuously. 


Annealing 


Irradiation also stimulates a certain 
amount of annealing. When the Wind- 
scale piles were built, the element of 
Wigner growth was recognized, but 
detailed information on the growth and 
on the energy build-up was sketchy. In 
September, 1952, a spontaneous release 
of Wigner energy in No. 1 pile whilst 
it was shut down, leading to a rise in 
temperature of the graphite, sparked-off 
a study of the possibilities of a controlled 
energy release. Largely as a result of 
this incident, a procedure was instituted 
which has been carried out at Windscale 
roughly every six months. Because of 
the higher operating temperatures at 
Calder, the annealing process is not 
expected to be necessary at intervals of 
less than two years and, with the new 
commercial stations, it is possible that 
no annealing will be necessary at all. 

Because of the Wigner growth in 
graphite, the structure of large masses in 
nuclear piles is considerably complicated 
and the measures that have been taken 
to accommodate the growth are discussed 
in three Patents (Nos. 784291, 784292, 
785876), which have been recently 
released. 

The release of the Patents is consistent 
with the U.K.A.E.A.’s policy of releasing 
information where possible, but some 
must be treated with a certain reserve 
as they may have been superseded by 
further inventions which have not been 
released. A case of this was the fast 
fuel element patent released recently 
which did not describe the fuel elements 
actually being used at Dounreay. 

The patent dealing with horizontal 
piles is somewhat less specific than those 
dealing with vertical piles, but the dimen- 
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Fig. 1.—Graphite structure for 
Windscale-type core. 
(From Patent Spec. 785876.) 


sions quoted in the first two give a fair 
measure of the expected dimensional 
changes in a structure such as Calder. 
The changes in the Windscale piles will 
not be less than those encountered in 
Calder, but without cetailed information 
on the flux and operating temperatures 
these cannot be assessed. 


Patent No. 785876 


The type of structure covered by the 
Patent is illustrated in Fig. 1. The pile 
referred to has horizontal fuel channels 
8 and 12 and provision is made for shut 
off rods 11, control rods 10, and irradia- 
tion holes 9. The blocks are square in 
section and of a size somewhat less than 
the lattice pitch. They are cut from 
stock with the grain running vertically 
and have therefore minimun? Wigner 
growth in the vertical direction. Slots (3) 
and (4) are machined in the ends of the 
blocks, at right angles. Into these slots 
fit tie-strips cut with the minimum Wigner 
growth direction along the longest 
dimension. Each tie is arranged to key 
two blocks and the length of the tie 
substantially determines the lattice pitch. 
In between each tie is, of course, one 
cross-member which would _ exhibit 


Wigner growth, but the lateral dimension 
is kept small and the overall change in 
dimension is also small. 

The square section left between the 





ties is filled with two layers of packing 
blocks which have minimum Wigner 
growth in the vertical direction. The 
thickness of these blocks is adjusted 
to provide the correct lattice spacing 
between adjacent channels in the tops 
and bottoms of consecutive layers. They 
also serve to prevent neutrons streaming 
in the vertical direction. The thickness 
of the ties can be arranged to be a 
normal engineering fit in the block 
grooves, as the growth is equal in both 
block and tie. In the vertical direction, 
the ties can be a loose fit to accommodate 
vertical growth of the ties. 


Patent Nos. 784291 and 784292 


These two patents are substantially the 
same except that, in the later version, 
provision is made for the non-uniform 
growth across a block due to the 
differences in fast flux. This is accom- 
plished by the provision of four vertical 
slots, radially disposed and extending 
from the fuel channel circumference some 
40% of the distance to the corners of 
the block. The essentials of the structure 
are illustrated in Fig. 2. 























Fig. 2.—Graphite structure for 

Calder-type core showing restraint 

bars and Wigner growth probe. 
(From Patent Spec. 784291.) 


A main consideration in the design has 
been, not only to maintain the structural 
stability of the pile, but to maintain 
accurate alignment of the fuel channels, 
and to minimize neutron streaming, both 
in the vertical and horizontal directions. 
In the vertical pile, the fuel element 
channels are arranged to run centrally 
down the axes of the main supporting 
blocks and tiles. Successive layers of 
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blocks are supported by two tiles, and 
these are cut so that minimum Wigner 
growth is in the horizontal plane, two 
adjacent tiles being arranged to have this 
minimum growth in directions at right 
angles to one another. 

In the main structural blocks, mini- 
mum Wigner growth is in the vertical 
direction. The interlocking system con- 
sists of grooves, keys and keyways, these 
being disposed at right angles along any 
individual face. The main blocks are 
30 in. long and are square in section, the 
side dimension being 7.75 in. The keys 
and keyways, although at right angles 
to each other, are not parallel to the 
sides of the block but are twisted through 
2°+24’. Small cut-away portions are 
also provided on the edges of the blocks 
to allow for displacement of the adjacent 
tile. The keyways are 1.001 in. by 
0.241 in. with a tolerance of 0.001 in. 
on all dimensions, and the keys are 
0.994 in. by 0.18 in. The tiles are not 
square, but are 8 in. (the lattice pitch) 
in the direction of minimum growth, and 
7.75 in. in the right angular horizontal 
direction. Allowance, therefore, in both 
blocks and tiles for Wigner growth is 
0.25 in. 

These dimensions are not consistent 
throughout the lattice structure, as in the 
regions of higher temperature, and lower 
flux, the growth will be smaller. In the 
tiles, the keys and keyways are parallel 
to the edges, the keys reaching to the side 
faces of the tile with the minimum 
growth. Adjacent tiles are therefore 


Economics of Atomic Energy, by Mary 
S. Goldring, B.A. (179 pp., 24 Illus. 
Butterworths Scientific Publications, 15s.) 

The book is divided into three parts 
and atomic energy is discussed under the 
headings: The Atomic Industry, Atomic 
Power, and Atomic Investment. In the 
first part an analysis is made of 
the scale of cost of plant con- 
sidered essential to the setting up of 
an atomic energy industry and gives 
estimates for individual items of plant 
such as a_ gaseous diffusion plant, 
chemical extraction plant, etc. With 
regard to the two main Western coun- 
tries, the influence of war investment is 
put firmly into perspective and the rapid 
progress that has resulted from this war- 
time level of expenditure is treated 
realistically and unemotionally. The 
introduction to this section is somewhat 
marred by careless mistakes which irritate 
the technical reader and tend to reduce 
the authoritativeness of the financial 
discussions which form the main body of 
the book. This is unfortunate, because, 
once on to her own subject, the author 
speaks with knowledge and with fairness. 

In the second section, on the need for 
power, the problems in under-developed 
countries are treated more realistically 
than they have been at many _inter- 
national conferences and it is pointed out 
that a thriving industry is necessary 
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Fig. 3.—Details of 
blocks and tiles. 
(Arrows show 
direction of mini- 
mum _— growth.) 
From Patent Spec. 
784291. 








identical but are built up with a 90° 
orientation. Blocks are identical but 
adjacent layers are inverted. Special 
blocks are, of course, necessary at the 
periphery of the pile to accommodate 
different fuel-channel diameters, and the 
reflector can be constructed from solid 
graphite blocks as Wigner growth here 
is negligible. The voidage on _ the 
structure is approximately 3%, 


NEW BOOKS 


before nuclear power can make a real 
difference to the standard of living. In 
discussing the specific reactor types, 
perhaps too much emphasis is laid on the 
potentialities of advanced reactors and 
the intrinsic advantages of enriched fuel. 
The third part analyses the investments 
that have been made in nuclear power 
commitments throughout the world and 
traces the growth of the industries in 
these countries. 


Nuclear Engineering, Edited by Charles 
F. Bonilla. (850 pp., 223 Illus. McGraw- 
Hill, Ltd. 94s.) 

This book has been written by 12 
authorities in various fields of engineering 
and science to serve as a text for graduate 
courses for engineers and physicists. It 
begins with an introduction tracing the 
historical development of atomic energy 
science, leading up to the present-day 
conception of suitable reactor types for 
power generation. The book has been 
written essentially from the American 
standpoint and in its introduction the 
gas-cooled graphite-moderated reactor is 
not even included as a reactor type. It 
also contains the somewhat _ over- 


simplified statement to the effect that 
reactors for producing practical operating 
temperatures and overall economy should 
not be based on natural uranium. This 
is an unfortunate introduction as the body 
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By the system of construction des- 
cribed, the free path through the pile for 
neutrons is limited to a small square at 
the junction of each four graphite blocks 
and, apart from this negligible area, the 
maximum free path length is 3 ft in the 
vertical direction. The system of keys 
and keyways and the differing directions 
of the minimum Wigner growth ensure a 
constant lattice pitch of 8 in. and mini- 
mum structural growth. It is under- 
stood that Wigner growth in the vertical 
direction is less than the thermal growth. 
The control rods are arranged to pass 
down grooves cut in the corners of 
adjacent blocks, the size of these being 
adjusted to provide a minimum diameter 
of 34 in. 

It would appear from the patent dis- 
cussed that the maximum expected 
Wigner growth is } in., which, on an 
8-in. lattice pitch is over 6%. This type 
of structural change is practically unique 
in engineering and calls for a high degree 
of ingenuity in accommodating it. It 
should be remembered that in the power 
reactors, the graphite structure is 
supported on a framework within a 
pressure vessel and access can only be 
obtained from the charge floor tens of 
feet above the top of the graphite pile 
and through 8 ft. of concrete. The ease 
of fuel changing as demonstrated by 
the high load factor maintained at 
Calder Hall gives some measure of the 
success in the design of the pile and 
of the accuracy of manufacture and 
construction. 


of the book contains a series of well- 
thought-out chapters on various aspects 
of nuclear physics and engineering aimed 
quite clearly at the graduate level, each 
chapter ending with a series of problems 
and a comprehensive list of references. 
An unusual amount of space following 
the nuclear physics sections is devoted to 
fluid flow, heat transfer and _ stress 
analysis. In addition, care is taken to 
emphasize the importance of metal- 
lurgical problems and the chapter on 
uranium and uranium alloys is a valuable 
introduction for the student to these 
problems. Apart from the strictly tech- 
nical articles, a comprehensive chapter on 
basic concepts of radiation protection is 
included and a final chapter on legal 
aspects of nuclear power, which, 
although ignoring countries outside the 
U.S.A., nevertheless details the functions 
of the A.E.C. and the relations of the 
Commission with industry and with other 
countries in a simple and straightforward 
manner. Thirty-eight pages of appendices 
are included, beginning with the physical 
properties of principal known metallic 
heat-transfer liquids of several types and 
concluding with neutron cross-sections of 
selected materials. Appendix N details 
the principal reactors in operation 
throughout the world before 1956 and 
contains much detailed information. 
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This view of the 200 MW (thermal) 
Canadian NRU reactor was taken 
just before completion. The heavily- 
shielded isutope and fuel rod dis- 
charge gear weighs 240 tons. A 
triple-purpose reactor, NR&U will 
provide facilities for research, as 
well as produce plutonium and 
radioactive isotopes. 


international 


Initial series of meetings of the Inter- 
national Atomic Energy Agency concluded in 
Vienna early in November. The Agency’s 
programme puts the main emphasis on 
scientific co-ordination, the training of 
scientists and technicians and the use of 
isotopes. Under-developed areas will be 
given priority. The budget of $4,089,000 for 
the first year will be contributed by member 
nations on a similar basis to U.N. contri- 
butions. Under provisional scales the U.S. 
contributes 33%, the Soviet Union 16%, 
Britain 7.5%, France 5.47%, West Germany 
4.08%, Canada 3.03% and India 2.85%. By 
the end of the first year, Mr. W. Sterling 
Cole, director-general, will have a staff of 370. 


A further step towards a greater sharing 
of scientific information between the United 





Mr. Lewis Strauss, chairman, U.S.A.E.C. 
met Sir Edwin Plowden, ciairman, 
U.K.A.E.A. at the airport when Sir Edwin 
accompanied the Prime Minister, Mr. 
Harold Macmillan to Washington for 
talxs with President Eisenhower. 


States and the United Kingdom was taken 
at the end of October when the Prime 
Minister, Mr. Harold Macmillan, and a 
number of advisers including Sir Edwin 
Plowden, chairman, U.K.A.E.A., had talks 
with President Eisenhower. Sir Edwin and 
Mr. Lewis Strauss, chairman, U.S.A.E.C., 
are to make joint recommendations on 
furthering information exchanges. Eventually, 
the U.S. Congress may be asked to amend 
the McMahon Act of 1946. 


United Kingdom 


Public inquiry into Central Electricity 


Authority’s proposal to build a_ nuclear 
power station at Trawsfynydd in North 
Wales will be held, Lord Mills, Minister of 
Power, has decided. The proposed site is 
in Snowdonia National Park. 


Neptune, a zero energy marine research 
reactor at A.E.R.E., Harwell, became 
critical on November 7. Neptune will assist 
in the study of neutrons in water-moderated 
core designs—particularly a pressurized 
water reactor for submarine propulsion. 
Fuel is enriched uranium with ordinary 
water as a moderator; the design facilitates 
the rapid assembly of different kinds of core. 
Research work will be carried out by mem- 
bers of the Admiralty design team at Har- 
well, together with Authority staff. Neptune 
was built by Rolls-Royce, Ltd., a member 
of Vickers Nuclear Engineering, Ltd. The 
principal sub-contractors were Elliott Bros. 
(London), Ltd., and Head Wrightson 
(Teesdale), Ltd. 


Work on the Winfrith Heath site has now 
started, following the award of the civil 
engineering contract to Turriff Construction 
Corporation. The preliminary civil engineer- 
ing work is to cost £1,200,000. Total cost 
of the centre will be approximately 
£20 million. 


World News 














Main effect of the credit 


squeeze on 
nuclear engineering in the U.K. is the deci- 
sion to rephase the nuclear power station 


programme. Total investment during the 
period ending December 31, 1965, is to be 
reduced by some 10% or £90 million. This 
cut-back will be effected by delaying orders 
for the next series of power stations. 


Construction of the Dreadnought, the 
Royal Navy’s first nuclear-propelled sub- 
marine, is not affected by present schemes 
for a reduction in Government expenditure. 
An Admiralty spokesman denied reports that 


work was being stopped for economic 
reasons. 
Australia 


Work on the Lucas Heights research 
reactor near Sydney, is ahead of schedule. 
By early October the graphite reflector, com- 
prising 800 blocks weighing 30 tons, had been 
placed in position. The reactor is expected 
to be in operation next March. 








Austria 


Establishment of a nuclear reactor centre 
by 1950 has been approved by the Cabinet. 
American financial and technical assistance 
will be sought. 


Belgium 


Hydro-electric project at Inga in the Bel- 
gian Congo has now received the official 
approval of the Belgian Government. The 
estimated power potential is 25 million kW 
for a cost of £1,130 million. The first stage 
will be completed in 1964: power will then 
be sold at about 24 mill/kWh. (A_ mill 
equals 1/10°of a U.S. cent.) 


Canada 


NRU—a_ new triple-purpose reactor at 
Chalk River—became critical on November 3. 
The reactor is being operated at low power 
for several weeks before it is run up to the 
full rating of 200 MW (thermal). As a tool 
for research, engineering development and 
testing NRU is exceptional. Its neutron 
flux is approximately five times as great as 
that of NRX. Already inquiries have been 
received from international sources for testing 
facilities. Plutonium produced by NRU will 
be sold to U.S.A.E.C., while various radio 
isotopes will be sold for research, industry 
and medicine. A novel feature of NRU is 
the fuel-element changing machine which 
enables the reactor to be refuelled without 
a shutdown. 


Annual report of Atomic Energy of 
Canada Ltd. reveals that the main change 
in the NPD (Nuclear Power Demonstration) 
reactor is the adoption of a horizontal tank 
in which the fuel rods are contained in 
pressure tubes rather than a vertical pressure 
vessel. Work on the 20 MW NPD stopped 
a few months ago to enable the change to 
be made. NPD will now serve as a prototype 
for a larger power reactor. 


Egypt 


Nuclear power station of unspecified power 
will be built within the next 10 years, accord- 
ing to Ibrahim Abdel Rahman, secretary, 
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Egyptian Atomic Energy Committee. A pile 
imported from the U.S.S.R. will start 
functioning next year. Some 150 Egyptians 
are being trained at present. 


Finland 


Yedin Nuclear Power Association — a 
group of Finland’s largest industrial concerns 
—is co-operating in the design of a nuclear 
pile as a first step towards the construction of 
a nuclear power station. A contract for the 
supply of uranium and other materials was 
signed between the concern and U.K.A.E.A. 
on November 1. The materials to be 
imported include 1,500 kg of uranium, 24 
tons of graphite, + ton of aluminium and a 
small quantity of polonium-beryllium. 
Measuring equipment worth $6,000 will be 
bought from the U.S. The pile will be built 
at Otaniemi, near Helsinki, by the Institute 
of Technology. 


France 


Isotope separation plant, envisaged in the 
Atomic Energy Bill tabled in the National 
Assembly last April, may not be built. A 
report submitted to the Advisory Economic 
Council suggests that the project is, at 
present, uneconomic. 


Plans for the construction of a 40,000-ton 
nuclear-powered prototype tanker of 40,000 
s.h.p. have been announced by the French 
Atomic Energy Commissariat and the Secre- 
tary of State for Merchant Marine. 


Germany 


Nuclear-powered ship, a 28,000-ton tanker, 
should be completed by 1961, Professor Illies, 
of the Society for the Application of Nuclear 
Energy to Shipping, announced in Hanover. 
He has been working on this project for a 
year at the request of the Federal Ministry 
for Atomic Energy. Preliminary designs call 
for a reactor developing 10,000 s.h.p. 


Following withdrawal of the AMF- 
Mitchell-Siemens offer to construct a 15 MW 
boiling water reactor power plant 


for Rheinisch - Westfalische - Elektrizitats- 
werk, RWE issued a general invitation for 
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Information exchange conferences are held annually between Canadian and U.K. scientists. 


At Chalk River recently were: (left to right) D 


division, A.E.R.E.; Dr. D. A 


r. H. M. Finniston, head, metallurgy 


. Keys, scientific adviser to the president, Atomic Energy of 


Canada Ltd.; Dr. J. V. Dunworth, head, reactor division, A.E.R.E.; Dr. W. B. Lewis, vice- 


president, research and development, A.E.C 


. Led; 


Mr. B. E. Eltham, chief engineer, 


experimental reactor design office, Risley ; and Dr. G. C. Laurence, director, reactor 
research and development division, A.E.C. Ltd. 
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tenders for the station. As we reported last 
month the AMF consortium had run into 
a number of difficulties over their proposal. 
First, AMF Atomics was unable to agree 
financial terms with the U.S.A.E.C. for the 
development of the urania-thoria core. 
Secondly, the West German _ Federal 
Republic was unable to provide any form 
of clause to free the contractors from 
liability in the event of a nuclear incident. 

So far as the first matter was concerned 
AMF offered a substitute core comprising 
uranium oxide stainless-steel-clad fuel ele- 
ments with an average enrichment of 2%. 
Presumably the consortium’s revised offer will 
be on the basis of a similar core. It is 
understood that the new tenders will be 
submitted early in December. 
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Top section of heat exchanger vessel for Berkeley 
during transit from John Thompson’s Wolver 
hampton works tothe site. The section fabricated 
from 1}-in. steel plate, is 17 ft 6 in. in diameter, 
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W. Germany has apparently abandoned 
her 1,500 MW nuclear power programme 
announced last spring. On November 7, 
Prof. Dr. Ing. Siegfried Balke, Minister of 
Atomic Energy and Power, said that four 
or five power reactors with a total capacity 
of 500 MW will be built in the next five 
years. A new bill will be submitted to 
Parliament soon. At the moment the only 
order for a nuclear power station in W. 
Germany is for a 15 MW experimental unit 
which is to be constructed by Krupp-Brown- 
Boveri 


German group of businessmen, led by 
Dr. Hermann Veit, Minister for Economics, 
Baden-Wuerttemberg, began a_ three-week 
tour of nuclear plants in the U.K., U.S. and 
Canada early in November. 


Appointed safety commissioner for 
nuclear reactors in W. Germany, Dr. D. E. 
Maier, will be stationed at Karlsruhe near 
the site of the first domestically-produced 
German reactor. He will have power to 
veto any project which he considers could 
endanger life, health or property. 


Germany’s first reactor —a swimming- 
pool-type research unit at Munich 
University—became critical on November 4. 
The reactor is due to go into full operation 
next January. 


italy 


Tenders for the 150 MW nuclear power 
station, which is to be built 100 miles south 
of Rome, must be submitted by April 15 
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The new headquarters 
J.S.A.E.C. near Germantown, Md. The four- 
jtorey structure is of monolithic reinforced 
concrete faced with red brick. 
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building of the 


next year, Societa Elettronucleare Nazionale 
(SENN) announced on October 31. SENN 
is controlled by the Italian Government who 
will finance the project, in association with 
the World Bank. General guidance to both 
authorities will be given by an international 
panel comprising Dr. W. B. Lewis, vice- 
president Atomic Energy of Canada Ltd. as 
chairman, and Dr. Manson Benedict, 
Professor of Nuclear Engineering, Mas- 
sachusetts Inst. of Tech., Prof. Francesco 
Giordani, president, National Research 
Council of Italy, Dr. J. M. Hill, deputy 
director (technical policy) Industrial Group, 
Risley, U.K.A.E.A., Dr. Jules Horowitz, 
chef de Service de Physique Mathematique, 
Nuclear Studies Centre, Saclay, Mr. A. 
Griswold, assistant to president, Detroit 
Edison Co. and Mr. R. E. Newell, managing 
director, Wilton Works, I.C.I. Ltd. As we 
reported in October, Kennedy and Donkin 
of 12 Caxton Street, London, S.W.1, have 
been retained to provide technical services 
in connection with the station. 


Japan 


Atomic Power Generation Company was 
formally established in Tokyo on Novem- 
ber 1. A spokesman for the company said 
that a technical survey team is to visit the 
U.K. soon to prepare for the import of a 
150 MW Calder Hall-type reactor. The visit 
will not be made until the projected U.K.- 
Japan nuclear agreement has been signed. 


Risk of damage to a Calder Hall-type 
reactor by earthquake could be reduced at 
a cost of from 1 to 3% of the construction 


charge, according to Mr. Kenzabiro 
Takeyama, director of the Construction 
Research Institute of the Ministry of 
Construction. 


U.S.A. 


Yankee Atomic Electric Company have 
now been issued with a provisional permit 


Fuel elements being loaded into 

the cave of General Electric’s 

develop tal boiling - water 

reactor at Vallecitos—the first 

U.S. privately financed power 

reactor. The reactor drives a 
5 MW turbo-generator. 
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for the construction of a 134 MW 
pressurized water reactor near Rowe, Massa- 
chusetts. Issuance of the permit follows 
conclusion of a public hearing into Yankee’s 
proposal in accordance with a recent Con- 
gressional amendment to the Atomic Energy 
Act of 1954. 


Development of the Food Irradiation 
Reactor (FIR) by Kaiser Engineers, Oakland, 
California, has been suspended by the A.E.C. 
The reactor was to have been used for food 
irradiation experiments by the Army Quarter- 
master Corps. Now, alternative sources of 
radiation are being considered. 


General Electric’s Vallecitos reactor is now 
feeding 5 MW of current into Pacific Gas 
and Electric Co.’s transmission system. The 
turbo-generator went on load only 17 months 
after the decision to construct a boiling-water 
reactor was made. The reactor will be used 
primarily to develop operational data for 
application to the design of the 180 MW 
Dresden station which General Electric is 
constructing. 


Eighteen proposals to develop a gas-cooled 
nuclear power plant suitable for ship 
propulsion were received from U.S. com- 
panes in response to the A.E.C.’s invitation 
of August 1, 1957. 


President Eisenhower dedicated the new 
headquarters building of the A.E.C. near 
Germantown, Maryland, on November 8. 
The building, which has cost £4,640,000, 
incorporates many _ special protective 
features. For example, the basement is con- 
verted into a model atomic-bomb shelter— 
a complex system of identification is neces- 
sary before entrance—many types of burglar 
alarm are installed. A.E.C. staff will move 
into the building early next year. 


America’s first nuclear-propelled merchant 
ship, a 21,000-ton cargo-passenger vessel due 
for completion in 1960, will be called the 
NS (nuclear ship) Savannah. Congress has 
allocated about £13.9 million for the con- 
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struction. A second nuclear ship may be 
acquired by converting an existing vessel. 


Kaiser Engineers have been awarded a 
contract by the A.E.C. for the engineering 
design of a natural uranium, graphite 
moderated gas-cooled nuclear electric power 
plant of approximately 40 MW capacity. 
The company was selected from 31 architect- 
engineer concerns who responded to an 
A.E.C. invitation. The design work will be 
performed under a cost-type contract; a 
report will be submitted by the A.E.C. to 
the Joint Committee on Atomic Energy of 
Congress not later than April 1, 1958. 
Kaiser Engineers have retained ACF Indus- 
tries Inc., New York, as nuclear design 
sub-contractors. 


Seventeen more nuclear powered sub- 
marines have been approved under the 1958 
programme of the U.S. Navy. 


Sylvania-Corning Nuclear Corporation 
does not now intend to build a nuclear fuel 
component factory at Andover, Mass., 
because of present economic conditions in 
the U.S. 


Tests have been completed on the 3 MW 
(thermal) open pool research reactor which 
General Electric is supplying to the Spanish 
Government. 


Keel for a nuclear-powered U.S. Navy 
surface vessel—the guided missile cruiser 
USS Long Beach—will be laid on Decem- 
ber 2 by Bethlehem Steel Co.’s shipbuilding 
division. 


SRE, sodium reactor experiment at Santa 


Susana, California, was dedicated on 
November 14. 


Yugoslavia 


Rijeka shipyard and two large heavy- 


engineering concerns have formed a com- 
mittee to study the construction of a nuclear- 
propelled ship. 
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Orbits in Industry 


HE Windscale Report must have come 

as a sad disappointment to anyone 
who was hoping for “sensational dis- 
closures” (to coin a phrase). In effect, 
it is rather as though a normally careful 
driver had hit something because there 
was mud on his windscreen, and it is 
a matter of some satisfaction to see that 
it is resting at that, and that no 
“ disciplinary action” is being taken. If 
everyone of us who had ever made an 
error of judgment got the appropriate 
penalties, those who never made mistakes 
because they never made a decision 
would be the only ones outside the cold 
stone jug. 

The report is equally laconic on the 
other side, as well. Although it refers 
to the “great devotion to duty on the 
part of all concerned” it (somewhat 
naturally) leaves a lot to the imagination. 
Thus on page 8 it talks about the “ shut- 
down fans .. . kept in operation to main- 
tain tolerable working conditions on the 
charge hoist, where the unloading opera- 
tions were being attempted.” This, one 
observes, is at about 10 a.m. on the 
Saturday morning. Reading backwards 
one finds that the discharge operations 
had started about 3 p.m. on the Friday. 
Remembering that “tolerable condi- 
tions” in a report often means “ where 
it is just possible to support life with 
luck,” one feels that the saga of the ram- 
rod gang might make a good story even 
without VistaVision and Technicolor. 

The simple statement that “these two 
vans maintained continuous patrols 
throughout the night and the next day ” 
is another example and strongly reminis- 
cent of one of Kipling’s immortal 
characters. (“No insubordination,” said 
Mr. Pyecroft, “ The car will manceuvre 
all night, as requisite.”) 

These are, of course, but two instances. 
All in all, it looks as though a lot of 
people had a great deal of no fun at all 
for far too long. In other walks of life, 


men have frequently been decorated for 
less. 


Earysipelas 


Readers of Dashiel Hammett’s “ Thin 
Man” will remember the injunction of 
one Mr. Burke, proprietor of the Pigiron 
Club, to an eavesdropper. (‘ The eary- 
sipelas kid,” said Studsy. “ Pull in that 
lug, fella—it’s getting in our drinks.”) One 
feels that the members of the Investiga- 
ting Committee must have experienced 
similar emotions when taking a_half- 
hour’s well-earned break between ses- 
sions, and chatting lightly of the weather, 
or Manchester United’s chances, in a bar 
crammed with the Sensational Dis- 


closures brigade. Not, of course, that 
you can blame the Press boys—they’ve 
got to live. And it must have seemed a 
bit hard when, in their eagerness to be 
near to the Committee—in case they 
talked in their sleep—they found that 
they’d booked up the hotel so solid that 
there wasn’t room for the Committee, 
who had to stay somewhere else. 


Bread and Butter Lines 


.. -“It has long been an axiom of 
mine that the little things are infinitely 
the most important.” 

(Sherlock Holmes. A Case of Identity.) 


Most of the limelight in this world 
shines on the spectacularly large or 
novel; it is seldom that one gives a 
thought to small everyday things like pins 
or soldering tags or terminal nuts. Yet 
whole industries depend on them, and the 
story behind them is often just as 
fascinating as that of the latest super- 
mammoth whatever-it-is—except that 
everyone takes it for granted. These 
thoughts were stimulated by a visit to 
the works of Ross Courtney and Co., 
Ltd., on the occasion of their diamond 
jubilee. Now the “ Ross Courtney tag ” 
(that claw washer affair that puts a neat 
round solid end on what would other- 
wise be a tangled, kinked and moth-eaten 
bit of flexible cable) was a household 
word in the electrical industry when 
Tangent was a lad, but until he visited 
them he had no idea of the bewildering 
variety of small bits and pieces—all vital 


to something—that they produce. The 


current range covers, they estimate, 
10,000 different items, and will probably 
be more when their new extension comes 
into full use. 

Expecting to see nothing but batteries 
of six-spindle automatics, it was rather 
surprising to see, in addition, quite a lot 
of work being carried out on capstans. 
It was pointed out, however, that many 
of their products are specials produced 
in comparatively small quantities; ‘“‘ com- 
paratively small” in this business 
meaning a hundred gross or so, and that 
it was often more economic to machine 
on capstans than to design and cut new 
cams for an automatic for a compara- 
tively short run. 

It seems that these borderline cases will 
be the most profitable application for 
the newer types of electronic control that 
have caused so much bunk to be written 
about automation. The prospect of being 
able to change over a machine for short 
runs; by substitution of a different 


punched tape is decidedly attractive. 
A timely reminder of something even 


more fundamental in the run of “ ordin- 
ary” things was the small exhibition 
recently held in London with the flax and 
linen industries of England and Scotland 
as its subject. There is, nowadays, so 
much written on man-made fibres that 
one is apt to overlook materials whose 
methods of manufacture have not changed 
in principle for several thousand years. 
And canvas—whether it be the compara- 
tively thin material which supports one in 
a deck-chair, or the traditional “ R.N.1” 
which practically needs a hacksaw to cut 
it—is an essential feature of our daily 
life. Strangely enough, the exhibition 
mentioned the canvas jackets worn by the 
erectors on the Dounreay scheme, yet 
they overlooked what must have been 
one of the most spectacular uses: the 
1,100-yard umbrella which Thomas Black 
and Sons, of Greenock, made for the 
half-completed sphere. 


Lost Horizon 


Anybody who has tried to get around 
Harwell much at a time when transport 
is a bit difficult must feel that it is a big 
place. They should be glad that they 
don’t have to ankle around the National 
Reactor Testing Station at Idaho Falls. 
A booklet entitled “ A Thumb-nail Sketch 
of the N.R.T.S.” published by the A.E.C. 
shatters quite a number of our childish 
illusions (including the average area of 
U.S. thumb-nails). The N.R.T.S. is not 
at Idaho Falls, but its nearest boundary 
is Only 29 miles from that city so pre- 
sumably it is considered adjacent. The 
“station” itself consists of a tract of 
sagebrush land on Snake River Plain. At 
the moment, it is a mere 431,000 acres— 
not quite as big as the whole of Berkshire; 
but Congress have been asked to authorize 
the acquisition of an additional piece, 
“as further protection for residents of 
Southern Idaho,” about the size of 
Middlesex. 

Various reactor projects are dotted 
around this neat little parcel of land. 
From OMRE, described in this issue, to 
MTR, is only about 54 miles, so they 
are practically on one another’s door- 
steps. From ANP to EBR, on the other 
hand, is 30 miles as the crow flies 
(although crows probably use the bus 
service as well). 

And, to add a final touch of pathos, a 
fine thread-like line meanders across the 
map, approaching from the West, crossing 
U.S. Highway 20, passing 
between MTR and CPP 
and disappearing about seven 
miles short of the Northern 
boundary. This is Big Lost 
River. Frankly, we’re not 
surprised, 
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Personal 


Appointments 


Mr. Leslie Gamage, M.C., M.A., F.C.1.S., 
succeeds Sir Harry Railing as chairman and 
managing director of The General Electric 
Co., Ltd. On his election to the Board in 
1925 Mr. Gamage assumed responsibility for 
the company’s export business, which now 
exceeds £24 million per year. 


Dr. James R. Killian, president, Massachu- 
setts Institute of Technology, has been 
appointed to the new post of special assistant 
to the White House on science and tech- 
nology. 


Professor Francis Perrin, French High 
Commissioner for Atomic Energy, has been 
selected as president of the Second Inter- 
national Conference on the Peaceful Uses 
of Atomic Energy which takes place in 
Geneva next September. 


Dr. Arthur Charlesby, D.Sc., Ph.D. 
(Lond.), A.R.C.S., F.Inst.P., until recently 
head of the radiation department of Tube 
Investments research laboratories, as Pro- 
fessor of Physics, a new chair recently 
created at the Royal Military College of 
Science, Shrivenham. Prof. J. Diamond, 
M.Sc., Wh.Sc., M.I.Mech.E., Professor of 
Mechanical Engineering at the University of 
Manchester, as a member of the advisory 
council to the Royal Military College. 


Sir Edward Thompson, J.P., chairman and 
managing director of John Thompson, Ltd., 
as president of the British Engineers’ Asso- 
ciation. Mr. A. I. Baker, C.B.E., M.A., J.P., 
M.1.Mech.E., M.1.Prod.E., chairman of 
Baker Perkins, Ltd., as vice-president, and 
the retiring president, Mr. W. K. G. Allen, 
M.I.Mar.E., M.I.N.A., chairman and manag- 
ing director of W. H. Allen, Sons and Co., 
Ltd., as hon. treasurer of the Association. 


Mr. R. A. Finn, B.A. (Oxon), as secretary 
and solicitor to the Electricity Council. Mr. 
A. M. Scott, M.C., C.A., as financial adviser, 
Mr. W. B. Noddings, M.Eng., M.1.E.E., as 
commercial and development adviser, and 
Mr. D. G. Dodds as industrial relations 
adviser. 


Mr. H. V. Pugh as chairman of Eastern 
Electricity Board in succession to Mr. C. T. 
Melling, who was recently appointed a full- 
time member of the Electricity Council. Mr. 
G. N. Green as deputy chairman of North 
Eastern Electricity Board in succession to 
Mr. N. F. Marsh, who recently took over 
the deputy chairmanship of East Midlands 
Electricity Board. 
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Mr. L. Gamage. 


Mr. R. C. Hodson, A.I.E.E., M.Inst.F., 
station superintendent of Skelton Grange 
power station, Yorkshire division of the 
C.E.A., as generation engineer (operation) 
of that division. 


Mr. W. H. Dunkley, B.Sc., M.I.E.E., 
M.I.Mech.E., chief generation engineer 
(construction) Yorkshire division, as chief 
generation engineer (operation) Midlands 
division, with effect from January 1, 1958. 


Mr. P. M. Thomas as sole managing direc- 
tor of William Beardmore and Co., Ltd., 
following the resignation of Captain Q. H. 
Paterson, joint managing director. Capt. 
Paterson continues as a director in an execu- 
tive capacity. 


Mr. I. J. Crosthwaite as director of Con- 
structors John Brown, Ltd. 


Mr. D. F. Ringe, formerly chief designer, 
as general manager, and Mr K. D. 
Mulcaster, formerly chief draughtsman, as 
chief designer of Vokes Ltd. 


Mr. George W. Harris, A.C.A., as chair- 
man of Broad and Co. Ltd., and its asso- 
ciated company, Broads Manufacturing Co. 
Ltd. Mr. Percy M. Harris has relinquished 
the chairmanship but remains on the Board. 
Mr. C. G. Taylor becomes managing director 
of Broads Manufacturing, whilst Mr. 
G. D. B. Hopkins, A.C.A., joins the Boards 
of both companies. 


Mr. William Walker as managing director 
of the Atlas Steel Foundry and Engineering 
Co. Ltd. He succeeds Mr. Robert Scott, 
who has resigned as managing director but 
remains on the Board. 


Mr. W. A. Hardman as manager of the 
Eastern Division of Metropolitan-Vickers 
Electrical Export Co. Ltd., covering an area 
including India, Pakistan, China, Malaya and 
Ceylon. He succeeds the late Mr. R. V. D. 
Kirby. 


Mr. D. W. Stantey, managing director of 
Metropolitan-Vickers South Africa (Pty.) 
Ltd. since 1948 succeeds Mr. A. L. Ohlson 
as chairman. He retains his position as 
managing director. 


Mr. H. B. Gough, Assoc. I[.E.E., 
M.S.X-rayT., as sales manager, scientific 
apparatus and X-ray departments, Metro- 
politan-Vickers Electrical Co. Ltd. Mr. 
W. J. Brown, B.Sc., A.M.I.E.E., continues 
as assistant sales manager scientific apparatus 
dept. (in Manchester) and Mr. G. F. Gribbin, 
B.Sc., A.M.LE.E., as assistant sales manager 
X-ray dept. (in London). 
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Sir H. Railing. 


Dr. J. R. Killian. 


Vice-Admiral Sir Frank Mason, K.C.B., 
following his recent retirement as engineer- 
in-chief of the Fleet, as consultant to the 
management of Metropolitan - Vickers 
Electrical Co. Ltd. 


Mr. S. W. Burrels as a director of Paterson 
Engineering Co. Ltd. 


Ma 4. D. Markland, M.LE.E., 
Assoc.I.Mech.E., has joined the nuclear 
engineering organization of John Brown and 
Co., Ltd. 


Mr. W. B. Sallitt as personal assistant to 
the managing director of The Superheater 
Co. Ltd. for the development of nuclear 
power. 


Mr. R. G. S. Ludlam, B.A., becomes 
registrar-secretary of the Institution of 
Metallurgists on January 1 in successsion to 
Dr. A. D. Merriman. 


Mr. M. Seaman, who recently became 
director and general manager of British 
Oxygen Gases Ltd (Equipment Division) has 
relinquished his appointment as director and 
general manager of British Oxygen Engineer- 
ing Ltd. 


Mr. R. J. Foster, formerly general 
manager, as director and general manage? 
of British Oxygen Avo Equipment Ltd. 


Mr. N. L. Millard, secretary, and Mr. 
C. W. W. Wheal, sales manager, as directors 
of Sturtevant Engineering Co. Ltd., from 
January 1, 1958. 


Mr. E. N. Robinson, LI.B., as a director 
of Microwave Instruments, Ltd. 


Mr. H. Darnell as chief engineer of 
Workington Iron and Steel Co., Ltd., a 
branch of The United Steel Companies, Ltd. 





Windscale Inquiry Committees 


Following publication of the inquiry into 
the accident at Windscale No. 1 Pile, three 
committees have been established to make 
recommendations on technical developments, 
staff organization, and health and safety con- 
siderations arising from the report. The 
Technical Evaluation Committee com- 
prises: Sir Alexander Fleck, Sir John 
Cockcroft, Sir ‘William Penney, Dr. R. 
Spence, Professor J. Diamond, Professor 
J. M. Kay and Professor H. W. B. Skinner. 
The Organization Committee comprises: Sir 
Alexander Fleck, Mr. C. F. Kearton and Sir 
William Penney. Finally, the Health and 
Safety Committee includes Sir Alexander 
Fleck, Mr. Kearton, Sir William Penney, Sir 
George Barnett and Dr. J. S. Carter. 
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Appointments (contd.) 


Mr. K. A. Dunbar as manager of the 
U.S.A.E.C.’s Chicago Operations office at 
Lemont, Illinois. He succeeds Mr. John J. 
Flaherty, who as we reported last month, 
has joined Atomics International, a division 
of North American Aviation, Inc. 


Dr. Wendell A. Horning as group leader, 
theoretical neutron physics at Atomics 
International. 


Mr. F. Michaels, senior electronics 
engineer at Hagan Chemicals and Controls, 
Inc., Pittsburgh, as assistant manager of the 
company’s newly formed nuclear power 
division. 


Mr. Robert W. Olson as vice president, 
research and engineering and Mr. E. O. 
Vetter as general manager, industrial instru- 
mentation division, Texas Instruments Inc., 
of Dallas. 


Awards 


Dr. J. Robert Oppenheimer, the United 
States nuclear scientist, awarded the Order 
of Chevalier of the Legion of Honour by 
France for his contribution to science. 


Dr. Emest O. Lawrence as winner of the 
U.S.A.E.C.’s Fermi award for 1957. Dr. 
Lawrence is director of the University of 
California’s radiation laboratory at Berkeley. 
The award of $50,000 (£17,850) will be 
made on December 2. 


Sir Alexander Todd, chief adviser to the 
Government on scientific policy, has been 
awarded the 1957 Nobel prize for chemistry. 
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Dr. George Braxton Pegram, of Columbia 
University, was, on October 21, presented 
with the first Karl Taylor Compton Gold 
Medal for distinguished service to physics. 
The presentation was made by Prince Philip 
in conjunction with the dedication of the 
American Institute of Physics new building 
at 335 East 45th Street, near the United 
Nations building in New York. 


Mr. B. L. Goodlet, chief engineer and 
director, Brush Electrical Engineering Co., 
Ltd., has been awarded the Thomas 
Hawksley Gold Medal by the Institution 
of Mechanical Engineers for his paper 
** Nuclear Reactors for Power Generation.” 


Tours 


Mr. Victor Thomas, general sales manager 
of Fielden Electronics, Ltd., and Mr. E. P. 
Beverley, export manager, have just made 
a two-pronged attack on the European mar- 
ket. © Visits were made to the company’s 
agents in Germany, France and Italy. 


Major-General Sir Jack Stevens, K.B.E., 
C.B.E., D.S.O., E.D., F.A.S.A., chairman, 
Australian Electrical Industries (Pty), Ltd., 
recently toured A.E.I. factories in the U.K. 
He also visited Berkeley nuclear power 
station. 


Mr. Oliver Gregory, export sales manager 
of Griffin and George, Ltd., the scientific 
instrument manufacturers and _ laboratory 
furnishers is On a six-week business’ visit to 
the Middle East. 


Industrial Notes 





The British Nuclear Energy Conference 
has admitted The Institute of Fuel to full 
membership. The constituent societies of the 
B.N.E.C. now number eight: namely, The 
Institutions of Civil, Mechanical, Electrical, 
and Chemical Engineers; The Institutes of 
Physics, Metals and Fuel, and The Iron and 
Steel Institute. B.N.E.C. offices are at 1-7 
Great George Street, London, S.W.1. 


The British Council recently held the first 
course on computers for research scientists 
and mathematicians from overseas. Some 
thirteen delegates from seven countries heard 
lectures from representatives of leading 
British computer manufacturers. Visits were 
also made to a number of computer centres. 


The Institution of Chemical Engineers has 
joined the European Federation of Chemical 
Engineering. Object of the Federation is to 
further co-operation in chemical engineering 
in Europe. Members include chemical 
engineering associations in W. Germany, 
France and the U.K. 


Allis-Chalmers Manufacturing Co., Ltd., 
and the Radio Corporation of America are 
to design and fabricate a Model C stellarator 
for experimental work under a_ contract 
placed by the U.S.A.E.C. 


Imperial Chemical Industries, Ltd., Metals 
Division, were among exhibitors at the Third 
Annual Trade Fair of the Atomic Industry 
held in New York at the end of October. 
Examples were shown of I.C.I. extended 
surface tubing in aluminium and magnesium 
alloy for uranium fuel canning and in steel 
for nuclear power station heat exchangers; 
wrought zirconium and titanium; tubes and 
plates for condensers; and non-ferrous 
products for power station ancillary equip- 
ment, including busbar and hollow copper 
conductors for turbo-alternator windings. 
Reference was also made to the extensive 
facilities of Marston Excelsior for the manu- 
facture of fuel elements, ancillary coolers, 
brazed assemblies and fabricated pipework 
and to the extensive investigational and 
development work being carried out by I.C.I. 
in nuclear metals such as niobium and 
beryllium. 
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Mr. James Hutchinson, chairman, British 
Oxygen Group returns to the U.K. on 
December 6, after a tour of the Group’s 
interests in the Far East. 


Mr. W. L. Wray, managing director of 
Wandleside Cable Works, Ltd., is in the 
United States for discussions on technical 
developments in cable manufacture, particu- 
larly irradiation. 


Retirements 


Sir Harry Railing, D.Eng., hon. M.I.E.E., 
chairman and joint managing director of 
The General Electric Co., Ltd., resigned on 
October 31. He remains a member of the 
G.E.C. Board. Sir Harry has played an out- 
standing part in the affairs of the company 
for nearly 52 years, both from an engineer- 
ing and administrative point of view. He 
is an electrical engineer of great distinction 
and was largely responsible for the develop- 
ment of the heavy engineering side of the 
company’s activities. 


Dr. A. D. Merriman, G.C., M.A., M.Ed.. 
C.I.Mech.E., F.R.S.E., registrar-secretary of 
the Institution of Metallurgists for the past 
10 years, retires on December 31. 


Obituary 


Dr. Paul D. Merica, president of The 
International Nickel Co. of Canada, Ltd., 
until he retired in April, 1954, died in New 
York on October 20. 


° 


The General Electric Co., Ltd., featured 
a sectioned scale model of MHunterston 
nuclear power station at the International 
Electric and Atomic Exhibition in Copen- 
hagen during October. G.E.C. were, in fact, 
represented on two stands—that of their 
Danish agents, Louis Poulsen and Co., A/S, 
and on the official stand of Danatom, the 
Danish Atomic Energy Commission where 
they showed, for the first time outside the 
U.K., a typical replaceable-channel fuel 
element. 
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Applications for stand space at the second 
International Exhibition of the Peaceful 
Uses of Atomic Energy should now be made, 
state the organizers. The exhibition is 
scheduled to take place at the Palais des 
Expositions in Geneva from September 1 to 
14 next year. Applications should be made 
before March 31, 1958, to Salon Interna- 
tionale des Applications Pacifiques de 
l’Energie Atomique 4 Genéve, Place du Lac 
1, Genéve. The Nuclear Energy Trade 
Association Conference (N.E.T.A.C.) of 32 
Victoria Street, London, S.W.1, has already 
taken an option on an important area on 
behalf of British industry. British companies 
who are interested in representation at the 
Geneva exhibition are advised to get in touch 
with N.E.T.A.C. immediately. 


The British Thomson-Houston Co., Ltd., 
have now officially opened their new turbine 
works at Larne, N. Ireland. The ceremony 
was performed by the Duke of Gloucester 
on October 24. Work on the 70-acre site 
at Larne began in January, 1954. In just 
over a year a 70,000 sq ft blading factory 
was in production. The main factory, a 
single building covering 370,000 sq ft, was 
completed in November, 1956, and the first 
turbine, a 30 MW machine, went on test in 
September this year. 


C.A.P.1.—Consultants for Atomic Power 
in Industry point out that their registered 
address is 171 Victoria Street, London, 
S.W.1. C.A.P.I. is actually an association of 
four firms: Leonard and Grant, consulting 
civil engineers, G. A. Buckle and Partners, 


consulting mechanical and electrical 
engineers, G. Vivian Davies, consulting 
mechanical engineer and Covell and 


Matthews, chartered architects. 


George Kent, Ltd., are visiting European 
customers with a specially constructed 
mobile exhibition vehicle containing repre- 
sentative examples of the company’s range 
of industrial instruments. 


The Magnetic Equipment Co., Ltd., 
Lake Works, Portchester, Hants, have 
appointed La Thermo-Technique S.P.R.L. of 
52 Avenue de |’Hippodrome, Brussels, as 
their sole representative for Belgium. 


West Instrument Ltd., have opened new 
offices at 43 Factory Centre, Lifford Lane, 
King’s Norton, Birmingham, 30. (Tele- 
phone: King’s Norton 4412.) Mr. C. G. 
Wolstenholme is in charge of the office. 


Ruston and Hornsby, Ltd., of Lincoin, 
announce the establishment of an hydraulics 


dept. Mr. E. R. Groschel, A.M.I.Mech.E., 
V.D.I. has been appointed  engineer-in- 
charge. 


Babcock and Wilcox, Ltd., are, by arrange- 
ment with the Ministry of Supply, taking 
over the Royal Ordnance factory at Dalmuir. 
The transfer will be effected gradually but 
the company intend eventually to use the 
manufacturing facilities at Dalmuir to 
expand production of their steam-raising 
units and for general engineering including 
the fabrication of heavy plant for nuclear 
energy projects. 


Tracerlab, Inc., announce that in future 
European sales will be handled from their 
new office and warehouse facilities in 
Amsterdam. Correspondence should now be 
addressed to Mr. Arie Plugge, Tracerlab 
(Holland), N.V., 242 Herensgracht, Amster- 
dam-C, 
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International Combustion (Holdings), Ltd., 
a member of the Atomic Power Construc- 
tions group, has acquired the Clayton Equip- 
ment Co., Ltd., of 138 Borough High Street, 
London, S.E.1. Mr. S. R. Devlin, founder 
of the company, continues as managing 
director. 


C. C. Wakefield and Co., Ltd., manu- 
facturers of the Castrol range of lubricants, 
announce the entry of the group into the 
chemical manufacturing industry. For many 
years Wakefield have produced chemical 
additives for their lubricants. Now the 
company intends to broaden its scope. New 
chemical products will be marketed by a 
member company, Edwin Cooper and Co., 
Ltd., of 43 Grosvenor Street, London, W.1. 
Recently the parent company made initial 
deliveries of flushing oils to Chapelcross 
nuclear power station. Wakefield expect to 
supply about 26,000 gal. of lubricants to 
Chapelcross before the station comes into 
operation in 1959. 


Hayward Tyler and Co., Ltd., have 
received an order from Head Wrightson 
Processes, Ltd., for the three 70 b.h.p. main 
coolant pumps for the Danish reactor D.R.3 
at Riso. These pumps will be of the special 
glandless type, in stainless steel, circulating 
heavy water in the primary loop. 


The Yorkshire Copper Works, Ltd., of 
Leeds and Barrhead, have received an order 
from Metropolitan-Vickers Electrical Co., 
Ltd., for 215 tons of Yorocon main con- 
denser tubes for the Berkeley nuclear powei 
station. The number of tubes involved is 
32,150, each 26 ft. 83 in. long, 1 in. o.d. by 
18 s.w.g. 


Whessoe Ltd., are providing designs for 
the sealed building to contain a_ research 
reactor for the Federal Government of 
Western Germany. The design will be similar 
to that used for the containment building 
which Whessoe built for both DIDO and 
PLUTO at A.E.R.E., Harwell. Construction 
of the German sealed building will be 
arranged by the West German authorities. 


Laurence, Scott and Electromotors, Ltd., 
announce new marketing arrangements for 
the East Anglia area. Sales in the major part 
of the counties of Bedfordshire and Hertford- 
shire are now handled by Mr. C. A. Bendall 
at Manfield House, Southampton Street, 
Strand, London, W.C.2. Mr. P. Groom, who 
has hitherto assisted Mr. Bendall, now repre- 
sents the East Anglia area from the com- 
pany’s Norwich works. 


Meetings 


November 27.—* The Nuclear Propulsion of 
Ships,’’ by Sir Christopher Hinton, K.B.E., F.R.S., 
and R. V. Moore, G.C., B.ScEng.), M.I.Mech.E., 
M.LE.E., before a meeting of the Institute of 
Marine Engineers at The Memorial Building, 76 
Mark Lane, London, E.C.3, at 5.30 p.m. 


December 3.—‘* The Selection and Operation of 
Solvent Extraction Equipment,”’ by J. A. H. Walker, 
before a meeting of North Western branch of the 
Institution of Chemical Engineers, at Birkenhead 
Technical College at 7 p.m. 


December 5.—** Advanced Types of Power 
Reactor,”” by J. V. Dunworth, C.B.E., M.A., Ph.D., 
before a meeting of the Institution of Electrical 
Engineers {in conjunction with the British Nuclear 
Power Conference) at 2 Savoy Place, London, 
W.C.2, at 5.30 p.m. 

December 11.—‘‘ Models for Piping Design and 
Construction,”” by M. K. Brown and E. Holmes 
before a meeting of the Midlands branch, Institution 
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An acoustic laboratory that will enable 
a wide range of machines to be tested 
under idea! conditions has recently been 
established by Keith Blackman, Ltd., at 
Mil Mead Road, London, N.17. A though 
primarily of interest to concerns who 
wish to test fan equipment, other 
machines will be acoustically tested from 
time to time. 


The Du Pont Co. (United Kingdom), Ltd., 
with offices at 5 Charles II Street, London, 
S.W.1, has been formed to manufacture and 
sell neoprene in U.K. and European markets. 
Sales of neoprene will be handled by the 
company from January 1, 1958. The existing 
distributors, Durham Raw Materials Ltd., 
will act as agents until January 1, 1959, when 
the Du Pont company will assume full 
control of all neoprene sales. 


American Nuclear Power Associates has 
been formed to design a radically new high- 
temperature high-performance nuclear power 
plant. Members of the group include Burns 
and Roe, Inc., architect-engineers, New 
York City; Clark Bros. Co., division of 
Dresser Operations, Inc., compressor and 
blower manufacturers, Olean, N.Y.; 
Griscom-Russell Co., subsidiary of General 
Precision Equipment Corp., heat exchange 
equipment manufacturers, Massillon, Ohio; 
Rockland Light and Power Co., Nyack, 
N.Y.; and Raytheon Manufacturing Co., 
Waltham, Mass. The engineering team is 
located at the Raytheon research labora- 
tories. 


of Chemical Engineers at The Midland Institute, 
Paradise Street, Birmingham, at 6.30 p.m. 


December 17.—*‘* Chemical Engineering Aspects of 
Gas-solid Reactions,”’ by Prof. G. Denbigh 
before a meeting of the North-Western branch, 
Institution of Chemical Engineers, at Reynolds Hall, 
College of Science and Technology, Manchester, at 
/ p.m, 


December 18.—‘* The Planning and Construction 
of Large Modern Thermal Generating Stations,” by 
J. Pimpaneau before a meeting of the Institution of 
Electrical Engineers, Savoy Place, London, W.C.2, 
at 5.30 p.m. 


December 19-20.—Conference on Band Theory of 
Metals and the Structure of the Fermi Surface. 
This two-day conference at Imperial College, 
London, is being organized by The Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
S W.7 
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Processes and Equipment 


Bestobell Special Products 


On behalf of U.K.A.E.A., members of the 
contracting consortia for the new C.E.A. 
nuclear power stations and ancillary equip- 
ment suppliers, Bell’s Asbestos and Engin- 
eering Co. Ltd., are engaged on _ several 
nuclear engineering problems, including 
thermal insulation, dynamic and static seal- 
ing and special forms of protective clothing. 

So far as thermal insulation is concerned, 
the company has developed Bestobell Viceroy 
cellular asbestos-aluminium which can be 
used for covering the pipelines associated 
with burst-slug detection. Thermal insula- 
tion mattresses which can be readily removed 
for maintenance purposes have been intro- 
duced for large valves, flanges, etc. 

Bestobell silicone and _silicone-asbestos 
products are being successfully used to over- 





Viceroy cellular sectional asbestos- 
aluminium insulation on steam main. 
Aluminized asbestos felt covers are 
wrapped around the flanges and valve. 





Bestobell C2 Polysar suit for protection 
against liquid sodium splash. 


come difficult sealing problems. Special 
types of dynamic seal are being developed 
to meet high-temperature valve-gland and 
remote-control operating mechanism gland 
packing problems. 

Finally, there is the Bestobell C2 Polysar 
suit devised in conjunction with the research 
and development branch of the Sellafield 
works of U.K.A.E.A. This suit is particu- 
larly useful for protecting workers from liquid 
sodium splash. 

(Bell’s Asbestos and Engineering Co., Ltd., 
Bestobell Works, Slough, Bucks.) 





Twin water strainer unit with facilities 
for flushing one filter basket without 
interrupting water flow. 


Water Strainers 


An order for 15 large water strainers has 
been placed with F. W. Brackett and Co. 
Ltd., by C. A. Parsons and Co, Ltd., for use 
at Bradwell nuclear power station. These 
twin strainers will have an aggregate capacity 
of 1 million gallons of sea water per hour, 
with an extremely low headloss. 

Only one of each pair of strainers is in 
use at a time and an instantaneous change 
from the dirty to the clean basket can be 
made without interruption to the water flow. 
By operating one valve, water is diverted to 
a clean basket. The dirty strainer is not 





removed for cleansing but is thoroughly 
washed in situ by flushing water, and the 
sludge drained away through a valve. 

To obviate the necessity for frequent 
cleaning, the straining baskets have a water- 
way area which is greatly in excess of the 
pipe area to which the strainers are con- 
nected. Brackett strainers can be used in 
suction or delivery pipelines, and are 
designed for use where a continuous supply 
of strained liquid is required. 

(F. W. Brackett and Co. Ltd., Colchester, 
Essex.) 


Nitroneal Generator 


The Baker Platinum Division of Engelhard 
Industries, Ltd., have produced a new and 
improved model of their nitroneal generator 
—an apparatus which produces furnace and 
blanketing atmospheres, consisting of nitro- 
gen with a controllable hydrogen content, 
using ammonia as fuel. 


The new model, the GNL, is made in 
two sizes to produce 500 and 1,500 cu. ft/h 
of gas. Unlike the earlier models which 
required an ammonia vapour supply, the 
new GNL generator has a_ built-in 
vaporizer and is fed with liquid ammonia 
direct from the cylinders. The refrigerant 
properties of the ammonia are used to cool 
the gas down to a dew-point of 40°F. 

The gas is produced by cracking the 
ammonia over a precious metal catalyst into 
its constituents nitrogen and hydrogen, and 
the same catalyst is used to burn the bulk 
of the hydrogen with atmospheric oxygen 
to produce a gas containing from 0.5 to 
0.25% hydrogen. The principal advantages 
obtained by using the special Baker catalyst 
in this way are that the reaction is exo- 
thermic and no external heat source is 
required, and secondly, that in utilizing 
nitrogen from the atmosphere as well as 
from the ammonia the gas is produced very 
economically. 

In the new GNL model, a second stage 
catalyst chamber is used when the hydrogen 
concentration required is less than 15% and 
this further change in design considerably 
prolongs the life of the catalyst. It also 
ensures that the oxygen content of the gas 
is less than one part per million. The 
hydrogen content of the gas is controlled 
automatically within 0.25% 
of the desired concentra- 
tion and the generator only 
requires the attention of an 
operator for starting, which 
takes about 20 minutes. 

(Baker Platinum Division, 
Engelhard Industries, Ltd., 
52 High Holborn, London, 
W.C.1.) 


George Kent instrument 
panel for the Dounreay 
materials tzsting reactor 
(DMTR) being equipped 
by Ekco Electronics, Ltd. 
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Butt Welding Steel Pipes 


A new automatic butt-welding machine 
intended for workshop use and designed to 
produce high quality welds in low-carbon 
and low-alloy steel pipes has just been built 
by Metropolitan-Vickers. It will handle pipes 
of from 3 in. (76 mm) bore by ¥ in. 
(4.8 mm) wall thickness up to 6} in. 
(165 mm) bore by 4 in. (12.7 mm) wall 
thickness. 

Welding times are comparatively short, 
from 45 sec up to 4 min, depending on the 
cross sectional area of the pipe wall. The 
resulting weld has a smooth, compact upset 
section, so that for most applications it is 
unnecessary to remove either the internal or 
external upset. The weld quality will readily 
meet test requirements for high pressure pipe 
lines. 

Essentially, the process consists of bringing 
the prepared faces of the pipe ends together 
under a minor load and heating the joint by 
means of a multi-jet oxy-acetylene oscillat- 
ing ring burner until a pre-set thermal expan- 
sion is reached. A second higher, or control, 





Automatic butt-welding machine for welding 
low-carbon and low-alioy s:eel pipes ranging 
from 3 in. up to 6} in. bore (Metropolitan- 
Vickers Electrical Co., Ltd.). 


Multi-point Control Valves 


Where a number of main control valves 
are used in the construction of pneumatic- 
ally or hydraulically operated machinery, 
the problem of providing inter-connecting 
piping for supply and exhaust connections 
becomes acute, particularly where space is 
limited, and the pipe size is relatively large. 
A neat and economical solution can be 
found by grouping the control valves at a 
central point in such a way that these inter- 
connections are eliminated. 

Baldwin Instrument Co., Ltd., have just 
introduced such a system. The valves, which 
may have manual, mechanical, electric 
solenoid or pilot operating mechanisms, are 
supplied as a multi-point *‘ packaged unit.” 
Any number of valves, up to a maximum 
of 12, can be embodied into a single unit. 
The supply and exhaust ports of all the 
valves are led into passages running the full 
length of the assembly, the screwed connec- 
tions being in special end pieces, which also 
provide facilities for mounting the assembly 
as a whole. Each end block contains one 
supply and one exhaust tapping, which are 
common to all valves. Tappings in each 
individual valve body provide fluid take-off 
points for solenoid pilot heads, where these 
are used. Each main control valve is there- 
fore an entirely independent unit from the 
functional point of view. 
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load is then applied to return the pipe to 
its original length when the final upset load 
operates to complete the weld. All sequences 
are controlled automatically by limit switches 
which are also arranged to control the upset 
and to cut off the gas supply just before 
the completion of the weld. 

Post heat treatment consists of normalizing 
for low carbon steel pipes, and normalizing 
and tempering for low alloy steel pipes where 
air hardening tendencies are present. Straight 
normalizing can be carried out in the 
machine. 

The two work clamps are of the direct 
acting hydraulic type, capable of giving a 
maximum clamping load of 100 tons. The 
right-hand clamp assembly supported on an 
anti-friction roller bearing, is attached to the 
main tension bars by means of split collars 
which permit the distance between the 
clamps to be increased from 12 in. to 26 in. 
to accommodate such fittings as tube flanges. 
The left-hand clamp assembly has horizontal 
and vertical adjustment to assist alignment 
of the tube ends with full clamping pressure 
applied. 

Movement of the tension bars is controlled 
by twin hydraulic cylinders which can exert 
a maximum final upset load on the weld of 
50 tons. Both the clamping cylinders and 
the upset cylinders are supplied from a self- 
contained hydraulic system. The system is 
designed to give independent adjustment for 
each stage of the 3-stage pressure cycle, 
i.e., initial pressure, control pressure and 
upset pressure. 

The water-cooled multi-jet oxy-acetylene 
burner ring is mounted on a roller carriage 
which carries the motor for oscillating the 
burner ring circumferentially, and also 
incorporates means of adjusting the burner 
ring to be concentric with the weld. It is 
connected mechanically to the moving clamp 
through a half-speed device, so that the 
centre line of the burner ring is always kept 
on the centre line of the weld. 

(Metropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, Manchester, 17.) 


The drastic simplification which is effected 
by this packaged unit may be gauged from 
the fact that no fewer than 15 connecting 
pipes are eliminated in the case of the 
eight-bank solenoid controlled pneumatic 
unit which is illustrated. At the present time 
these packaged units are available in the 
$-in. bore four-way pattern only. 

(Baldwin Instrument Co., Ltd., Brooklands 
Works, Dartford, Kent.) 





Grouped contro! valves, similar to the 

unit s own above, will find many appli- 

cations on equipment where a number 
of valves can be centralized. 
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Protective Gloves 


A new range of chemical-resisting protec- 
tive gloves has been introduced by the 
protective equipment division of Martindale 
Electric Co. Ltd. The new gloves have 
p.v.c. coatings which make them resistant 
to flame, acids, grease and oils. They are 
specially designed to provide protection to 
laboratory workers’ hands against chemical 
burns and other hazards, without hampering 
the wearer’s movements. The p.v.c. coat- 
ing is bonded on to an interlock fabric lining. 
The number of seams has been reduced to a 
minimum and, so far as possible, seams are 
positioned away from wearing surfaces. 

(Martindale Electric Co. Ltd., Westmor- 
land Road, London, N.W.9.) 





Ericsson Telephones, Ltd., of Beeston, 
Nottingham, have recently produced 
this a.c. miniature polar.zed chopper 
with two changeover contact: The 
contact system can eitter make-before- 
break or break-before-make. 





Fielden Recorder 


A recorder providing a permanent visible 
and indelible record of operations has been 
introduced by Fielden Electronics. The unit 
can be used for registering on/off times of 
machines or electrical circuits for indicating 
the rate of production. In this respect it 
has a unique advantage over the counter 
because it can reveal periodic variations in 
the rate. 

Two charts are available—one for 24 
hours driven at 1 revolution per hour, the 
other for 7 days, driven at 1 revolution per 
day. The chart is of specially-prepared heat- 
sensitive paper and the pen comprises a 
heated stylus which creates an _ indelible 
trace. The pen, energized from a low volt- 
age source, has a power consumption of less 
than one watt. Both pen and chart are 
driven by self-starting synchronous 50 c/s 
clock motors. 

The only external equipment necessary is 
a pair of contacts which wiil make when the 
pen is required to produce a trace on the 
recorder. These contacts should. of course, 
be capable of handling the power required 
by the pen. When the contacts are closed 
and the stylus is heated, a black line approxi- 
mately j in. wide is produced. During off 
periods a lower voltage is applied to the pen 
producing a faint, thin line on the chart. 
The difference between these lines is clearly 
visible: the thin line enables the trace to be 
followed even though no operations have 
been recorded. 

(Fielden Electronics \Ltd., 
Manchester.) 


W ythenshawe, 
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Patents Reviewed 


These abstracts have been made from British Patent Specifications, complete copies of which can be 
obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 777,829. Electrolytic method and 
means for production of refractory 
metal. To: Titan Co. Inc. (U.S.A.). 


Refers to production of titanium, 
zirconium, hafnium, thorium, vanadium, nio- 
bium, tantalum, chromium, molybdenum, 
tungsten of high purity directly from metal 
halides. It has been discovered that the 
production, particularly of titanium and zir- 
conium metals may be considerably improved 
not only by confining the reduced metal 
halide to the immediate vicinity of the 
cathode but by retaining the refractory metal 
deposit in toto on the cathode. Substantially 
all of the refractory metal is recovered as a 
highly ductile commercially acceptable pro- 
duct. The metal halide is introduced into 


the electrolyte through a feed pipe having 
a (cathodic) basket attached thereto sub- 
merged in the electrolyte. (Add. to: 734,094.) 


B.P. 778,061. Recovery of uranium from 
naturally occurring materials. F. H. 
Burstall, T. V. Arden, G. L. Milward, 
G. A. Wood. To: U.K. Atomic Energy 
Authority. 


An anion exchange process for treatment 
of aqueous solutions containing small 
amounts of uranyl sulphate and large 
amounts of ferric sulphate. The aqueous 
sulphate solutions containing uranium and 
ferric iron are brought into contact with an 
anion exchange resin having at exchange 
positions certain tertiary amino groups, e.g. 
prepared from cross-linked polymeric sub- 
stances, to bring about adsorption of the 
uranium on the resin, which is subsequently 
eluted from the resin (by means of aqueous 
ammonium nitrate solution acidified with 
nitric acid). 


B.P. 778,434. Ion sources. To: Philips 
Electrical Industries Ltd. (France). 


Alkaline ions or earth alkaline ions are 
produced on an anode heated so as to 
vaporize the metal (to 700-1,000°C). The 
anode is arranged inside the supply space in 
front of an aperture so that neutral vapour 
atoms cannot penetrate through the aperture 
without colliding at least once against the 
heated anode face whereby they are ionized. 
For production of caesium, rubidium, potas- 
sium, barium, sodium or lithium ions a 
platinum anode may be used but also an 
anode of nickel, iron, carbon, molybdenum 
or tungsten. Employed as a delay element 
in an electric circuit and as an ion source 
for nuclear physics. 


B.P. 778,881. Fuel elements for nuclear 
reactors. J. W. Kendall, C. R. Tottle. 
To: U.K. Atomic Energy Authority. 


Elements having a highly enriched fuel 
content may become dangerous because on 
melting they may cause the build up of a 
super-critical mass leading to a nuclear explo- 
sion. This may, e.g., occur by complete loss 
of coolant from the reactor core. This 
danger can be eliminated by an element 
composed of an outer and an inner tubular 
sheath of different materials between which 
the fuel is contained in tubular form. The 
material of the inner sheath is so selected 
that it collapses at a lower temperature than 


the outer sheath. When such a collapse 
occurs some at least of the fuel content dis- 
charges under gravity along the inside of the 
outer sheath. Three examples are given: (1) 
fuel content and inner sheath after mutual 
solid diffusion form a molten alloy while 
no reaction occurs with the outer sheath; 
(2) an inner sheath of two-ply material 
forming a binary eutectic at a temperature 
higher than 50°C below the melting point 
of the fuel content and more than 200°C 
below that of the outer sheath; (3) a single 
material for the inner sheath (vanadium) that 
melts at a temperature higher than 50°C 
below the melting point of the fuel content 
(enriched uranium) and more than 200°C 
below the melting point of the outer sheath 
(of niobium). 


B.P. 778,941. Power plant including a nuclear 
reactor. W. Eccles. To: Metropolitan- 
Vickers Electrical Co. Ltd. 


It is difficult to supply a varying load from 
a reactor plant, since, amongst other reasons, 
the power required to circulate the heat 
carrier (liquid metal) may be high in com- 
parison with the total power generated. This 
approach to the problem has _ been 
by varying the temperature of the motive 
fluid (steam) in the boiler plant, to control 
the heat transfer from the heat carrier fluid, 
which flows around a closed circuit without 
appreciable variation in its temperature. The 
example shows a multi-pressure stage steam 
boiler plant for respective stages of a steam 
turbine. Steam is diverted from the high 
pressure feed lines if the turbine load 
demand falls. The supply to the steam tur- 
bine plant is interrupted if the load demand 
rises and tends to cause reduced boiler pres- 
sure. Excess steam is diverted to the 
condenser plant. 


B.P. 779,008. Uranium recovery process. 
To: W. R. Grace and Co. (U.S.A.). 


Recovery of uranium from the leached 
residue or mud of the ‘“ Clinker’ process 
for the manufacture of phosphoric acid. 
Because of the shortage of sources, commer- 
cial grade phosphate rock, which contains 
0.01 to 0.02% uranium is coming under con- 
sideration as a possible uranium source. As 
large amounts of this rock are worked 
annually the total yield would be considerable 
if this source could be exploited. In the 
“Clinker” process, the ground rock is 
acidulated with anhydrous (over 95% 
sulphuric acid, then the material is calcined 
and a relatively dry solid produced from 
which the phosphoric acid is leached with 
water. The leached mud is now dried and 
ground, the ground material roasted at a 
temperature between 1,245 and 1,475°F and 
the uranium then dissolved with a dilute 
solution of a strong mineral acid (sulphuric, 
nitric, hydrochloric; phosphoric acid). The 
mud is filtered and washed with cold water. 

About 70 to 80% will easily be recovered 
in the acid and washings. 


B.P. 779,134. Nuclear reactor. 
Fenning, R. F. Jackson. To: 
Atomic Energy Authority. 
Refers to the production of 
active isotopes and heat with 


sow. 
U.K. 


radio- 
safety in 
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graphite moderated air-cooled _ reactors. 
To ensure a maximum of safety, control 
of the level of radiation is necessary 
over the entire plant and including the 
environs of the establishment. Means 
are provided to detect the individual channel 
where a fault has occurred. The reactor is 
described in detail and with reference to 27 
figures and a whole reactor is the only claim. 
For all control and monitoring operations 
and for the primary alarm and safety systems 
neutron measurements are made using ion 
chambers. The presence of active dust 
(uranium oxide particles) at the outlets of 
the (33) vertical rows of uranium channels 
is detected by cotton cords in the cooling 
air issuing from the channels. They remain 
in front of the channels for 20 minutes and 
then are hauled rapidly to Geiger counters. 
Their amplified output is fed to a bank of 
four automatic recorders. Variations in the 
record can be identified with a particular 
channel. 


B.P. 779,408. Nuclear reactor. R. V. Moore, 
G. Packman. To: U.K. Atomic Energy 
Authority. 


A fuel element comprising a fissile fuel 
member sheathed in a protective can and 
suitable for stacking vertically to form a 
column, The heat transfer from the element 
is controlled, e.g., by the use of poor heat 
conductors between the fuel members and 
the parts of the protective can reaching into 
a coolant stream, so that those parts of the 
can which are stressed by the weight of the 
other members are kept at a lower tempera- 
ture than the unstressed parts. 


B.P. 779,455. Radiation measurements by 
means of a glow discharge counter. To: 
Siemens and Halske A.G. (Germany). 


A measuring instrument sensitive to all 
electromagnetic rays of wavelength equal 
to or smaller than that of visible light and 
to ionizing corpuscular rays. The impulses 
produced are approximately 50 volts in ampli- 
tude and 1/1,000 see long, and can be 
counted or integrated without electronic aid. 
The instrument might be used, e.g., as an 
X-ray dosimeter, for measuring radioactive 
dust, or for registering radioactive tracers. 
The influence of ionizing rays on the ignition 
of glow discharge areas serves to measure 
their intensity. Electrode material free from 
after-effect (silver steel, etc.) is used and 
pure inert gases (neon, argon) as filling. 


B.P. 779,739. Adsorption of metal salts or 
neutral polymeric adsorbents. J: 
Kennedy. To: U.K. Atomic Energy 
Authority. 


A solution of a uranyl, ferric, lithium, 
cobaltous salt, or other metal salt soluble 
in ketonic or alcoholic solvents, in which 
the salts are not appreciably ionized, is 
brought in contact with a polymer derived 
from _triallyl-phosphate. 


B.P. 780,151. Sealing means for receptacles 
containing metal in liquid or fused state. 
To: Allmanna Svenska Elektriska A.B. 
(Sweden). 


The conventional solid sealing means, rings 
of soft wire laid between flanges of the 
receptacle, are separated from the liquid 
metal by a cushion of inert gas introduced 
into a chamber between the sealing means 
and the interior of the receptacle. This 
provides a safe seal (e.g. for pipelines and 
receptacles containing liquefied sodium as 
coolant) where covers have to be removable, 
and are sometimes moved by remote control. 








